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Abstract A dakites are geocham ically distinct volcanic and plutonic granitoid rock s found in intraoceanic island arc settings
w here relatively young, hot oceanic lithogphere has been subducted and melted (termed* slab melting”), and in continental
arcs, such as the A ndes, w here melting has taken place at the base of tectonically- or magmatically-thickened low er crust
(temed” lower crustalmelting”). In both settings, the distinctive geochem ical signature of adakitic granitoids is attributed to
an origin by partial melting of a variably-hydrated m etabasaltic protolith at sufficient depthsfor garnet to be stablew ithin the
residual crystalline assamblage (i e, residues of garnet-amphibolite and/or eclogite). Once generated, “ pristine” or
“ parental” adakitemeltsmay have their composition subsequently modified by processes of assmilation (of either mantle or
oontinental material) and crystal fractionation during trangport to and emplacanent in them iddle-upper crust L ateM esozoic
(earlymid Cretaceous, 160- 110M a) adakites in eastern China are unusually rich in potassiun (K:0) and other large-ion
lithophile elements (e g. , Ba, Th, U), with low NaO/ K0 ratios ( 1 0- 1 1), in contrast to sdic adakites, found in
eastern China and elsew here, which resanble experimental adakite liquids produced by dehydration melting of basalt in the
garnet-anphibolite to eclogite facies and which formed by either slab melting of oceanic crust, or by partial melting of
broadly basaltic, low er crustal protoliths Degite these compositional differences, their overall geochem ical character defines
the potassic granitoids of eastern China as adakites W e attribute the unique chamistry of these potassium-rich adakites to
either peculiarities in the composition of their source, or to the processes, including assmiliation and fractional crystallization
(AFC), that subsequently modified parental adakitemagmas A Ithough the apparent lack of proximity to a subduction zone
suggests that adakites in eastern China formed by partial melting of underplated (magm atically-thickened) mafic low er crust,
geodynamic scenarios involving* flat slab” subduction in eastern China during the Y anshanian period cannot be ruled out
Key words Potassium-rich adakites, Experimental constraints, Eastern China
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1995, Rapp, 1995;). Trace elenent geochemical features
common to adakites worldvide, including strong
Introduction enrichments in large-ion lithophile elanents (L L Es), high

Adakitesas slab melts

For the past decade, the temm adakite has been used to
describe arc-related volcanic and plutonic rock s of andesitic-
dacitic ocomposition, possessing distinctive geochemical
characteristics, including high A 103 and NaO oontents,
and high La/Yb and Sr/Y ratios coupled with strong
depletions in Yb, Y, and high-field strength elements
{ HFSES", including Ti, Nb, Ta), suggestive of an origin
by partial melting of basaltic ocean crust w ithin dow ngoing
slabs of oceanic lithogphere in subduction zones (D efant and
D runmond, 1990; D runmond and Defant, 1991). M any of
these key geochamical features were attributed to the
presence of garnet in the residues of melting, and adakite
petrogenesis was vieved as resulting from partial melting
accompanying the dehydration of subducted oceanic crust,
variably metamorphosed to a garnet-anphibolite and/or
eclogite facies assanblage Thus adakites occurring along
convergent plate boundaries (in both intraoceanic and
oontinental arc settings) w ere interpreted to be the products
of “ slab melting” (Defant and Drummond, 1990).
N umerical modelsfor the themal regime in subducting slabs
(Peacock et al , 1996, Molnar and England, 1995),
how ever, suggested that slab melting would generally be
restricted to unusually “ hot” subduction zones, for
exanple, those associated with subduction of an oceanic
ridge (e g , Stern and Killian, 1996, Kay etal. , 1993), or
of very young oceanic lithosphere (Sajona et al , 1994
Kepezhinskas et al , 1995 M orris, 1995); slow, oblique
subduction, as in the western A leutian arc (Kay, 1978
Yogodzinski et al , 1995), or subduction along a“ slab
tear”, as in the Kamchatkan arc (Yogodzinski et al ,
2001).

The geochamical basis for the” slab melting” model for
adakite petrogenesis cane from experimental studies that
showed that 10%  30% melting of variably-hydrated
M ORB-like basalts at pressures of 1- 4 GPa produced
dium-rich granitoid liquids that were, in temms of their
major eleament components, smilar to adakites from a
number of continental and island arc settings (e g. , high
S0z, AlOzandNaO contents NaO/ KO ratios> 2 0
low M gO and K20 contents, andM g* < Q 5, whereM ¢* =
molar [M g/M g+ Fe)]) (Rapp et al , 1991 W inther and
Newton, 1991, Sen and Dunn, 1994, Rgop and W aton,

ratios of La/Yb and Sr/Y coupled with strong relative
depletions in heavy rare-earth elenents (HREE), Y, and
high field-strength elements (HFSEs, e g, Ti, Nb and
Ta) were, as a oonsequence, explicable in tems of
equilibration between adakite liquids and garnet-bearing
crystalline residues (eclogite or garnet anphibolite, with or
w ithout minor phases such as quartz or plagioclase); the
presence of accesry titanate phases, such as gphene or
rutile, are required to impart the strong relative depletion in
HFSEsobserved in adakites

A Ithough compositionally “ pristine” adakites were
described from some subduction zones (e g , SV Japan,
Morris, 1995, western Panana, Defant et al , 1991), in
other cases, adakitemagmasfomed by slab melting gppear
to have undergone variable extentsof interaction w ith rocks
w ithin the mantlew edge and lower arc crust (e g. , in the
outhern A ndes, Stern and Killian, 1996 and Kay et al ,
1993, in theA leutians, the type-locality, Kay, 1978, and in
the Philippines, Sajona et al. , 1994), with the effects of
these interactionsmanifested in the geochamical and isotopic
attributes of“ hybridized” adakites T race elenent analyses
of “ pristine” and “ mantle-hybridized” adakitic liquids
produced in laboratory experimentsat 3 4 GPa (Rapp et
al , 1999 this study) confirm the general legitimacy of
petrologic models for adakite petrogenesis that begin w ith
partial melting of a hydrous, mafic (i e , basaltic) protolith
in the garnet-anphibolite to eclogite facies L mited
interaction with peridotite in the overlying mantle w edge
produces M g-rich, hybridized liquids which retain the
characteristic’ adakitic” geochemical signature

Adak itesas crustal melts

An alternative to the slab melting model for adakite
petrogenesisw asproposed by A therton and Petford (1993),
to explain the origin of Na-rich plutonic and volcanic
granitoids (i e , ignimbrites quatz diorites and tonalites)
from the Cordillera Blanca complex in the A ndes of NW
Peru At the time of adakite magmatisn, the subducting
slab at the trench (the N azca Plate) was 55 65M yr old,
and therefore presumably” too old and too cold” to undergo
melting; instead, itw as suggested that the CordilleraB lanca
granitoids were the products of partial melting of mafic
low er crust at the base of themagm atically-thickened keel
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of the Andes (A therton and Petford, 1993, Petford and
A therton, 1996), smilar to the model put forth by Smith
and L eeman, (1987) for the petrogenesisof N a-rich dacites
atMt St Helens in the Cascade Range of North America
A dakite-like rocksfrom South Island, N ev Zealand M uir et
al , 1995), the A ntarctic Peninsula (W arehan et al ,
1997), and the K lanathM ountainsof California and O regon
Barnes et al. , 1992; 1996) were subsequently interpreted
as the products of partial melting of mafic lower crust,
fomed in reponse to crustal thickening achieved through
underplating of mantle-derived mafic magmas (emplaced at
the base of the existing arc crust). It was argued that
digplacement of thisover-thickened* keel” of mafic crust to
depths sufficient for garnet stability had led to partial
melting attendant to dehydration, and adakite magmatisn.
Recent numerical models suggest that the gppropriate P-T
conditions can be achieved for partial melting of underplated
mafic lower (arc) crust” to take place, generating adakite
parent magmas with mixed mantle- and crustal-like
geochanical and isotopic signatures (Petford and Gallagher,
2001).

Interm ediate-felsic volcanic and plutonic rocks of late-
Creataceous age (160- 110 M yr old) from eastern China
possess all of the characteristic geochamical attributes of
adakites, including high SiO2 and A 1203 contents and high
L a/Yb and Sr/Y ratios, and strong relative depletions in the
HREEs, Y, and HFSE Yetmany of the adakites in eastern
China are distinctly more potassic than typical sodium-rich
adakites asmciated w ith subduction, with N a0/ K0 ratios
close to 1 (see Pan et al , 2001; W ang and Zhang, 2001;
Wang et al. , 2001, Zhang et al. , 2001), and they are
generally more potassic than the more typically sdic
adakites from the Cascades, A ntarctica, and the A ndes
The* adakite-like” or“ adakitic” granitoids which occur
throughout eastern China have been temed continental or
“ C-type” adakites (Zhang et al , 2001), because they
gopear to lack any temporal or gatial association with
subduction, and a lower crustal melting origin has been
proposed (Wang and Zhang, 2001 Pan et al , 200%
W ang et al. , 2001). “ C-type” adakites are contrasted w ith
more 2di¢ oceanic” or* O-type” adakites (withN a0 /K0
ratios > 2 0) possessing a clear asciationw ith subduction
(e g, Xuetal , 2000; Xu etal , 2001). If the potassiun-
rich adakites of eastern China are alo derived by partial
melting of a garnet-bearing, hydrous mafic surce, then
their compositional differencesw ith“ O-type” adakitesmust
be due either to differences in the source, or in the processes
(e g, assmilation and fractional crystallization; A FC) that
subsequently modified the composition of “ pristine” or
parental adakite magmas M elting experments on hydrous
basalt provide a geocham ical reference point from w hich the
geochemical effects of melt-rock reaction, wall rock
assimilation, and intracrustal fractionation on adakite
composition can be assessed

Review of Exper mental Studies

W hether formed by slab melting or lower crustal
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melting, a number of factorswi ill control the composition of
“ parental” adakite magmas These include (1) the bulk
composition of the wurce basalt, (2) the pressure
temperature oconditions of melting, and (3) the exact
mineralogy of the crystalline residue, egecially the presence
or absence of minor and accesory phases (e g. , rutile,
zircon, or gpatite) that can strongly affect the distribution of
certain trace elanents

Basalt canpositionsused in melting exper ments

A variety of both natural and synthetic starting
materials have been used to study thehigh-pressure melting

behavior of hydrous basalt (Table 1). Rapp et al (1991)
and Rapp and Waton (1995) conducted melting
expermentsatQ 8- 3 2GPaand 1000 - 1150 on four

different natural anphibolites compositionally representative
of variably altered and metanorphosed M ORB. Potassium
content in these starting materials ranges from < Q 1wt%
to @ 8wt% K0, andA I20s contents range from 14 2w t%
to 17 Owt% (Table 1). A dakitic liquidsw ere produced by
dehydration melting reactions involving hydrous minerals
(primarily anphibole) w hose breakdow n produces silica-rich
liquids at relatively low- to moderate-degrees of melting
D ehydration melting experments were alo conducted by
Sen and Dunn (1994) at 1 5 and 2 0 GPa, temperatures
between 800 and 1150 , wusing a natural high-K
anphibolitic basalt as starting material (Table 1), and
W inther and N av ton (1991) conducted melting experiments
over a range of pressures (0 5- 3 0 GPa) and temperatures
(850 - 1000 ), using wo different low-K tholeiites (one
a natural high-A | basalt, and the other a synthetic low-A |
basalt representing “ average A rchean tholeiite”) and
variable anountsof water (from < 1 0% to 15% H:).

Degite the fact that the various startingmaterials used
in these expermental studiespossessed a broad range in KO
(Q1- 0 8wt%), NaO (2 2- 4 3wt%), andA 20s(14 2
- 19 3wt%) contents, and highly variableN a0/ K0 (3
- 28), they all produced N a-rich granitoid liquids closely
comparable to natural adakite by low - to moderate-degrees
of melting ( 10- 30% by weight), leaving generally
eclogitic crystalline residues Note how ever, that theN a0/
K2 ratio of average basalt from China ismuch lower than
any of the starting materials used in the basalt melting
experiments, with a K20 content (2 51w t%) much higher
than theworldw ide average (1 10w t%).

M elting phase relations of hydrousbaslt to 5 GPa

The melting phase diagram for hydrous basalt (Fig 1)
represent a composite constructed from the results of a
number of expermental studies, on both natural and
synthetic starting materials, and w ith variable amounts of
water present Several of these studies focused on sub-
lidus phase relations and the stability Imits of mportant
hydrousminerals, such asamphibole, lav onite, zoisite and
clinozoisite, and phengite (Poli and Schmidt, 1995
Schmidt, 1996, Kerrick and Connolly, 2001; Lopez and
Castro, 2001). The actual position of the solidusfor a given
bulk compositionw ill be detem ined by the form and
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Granitoid melts generated by hydrous melting of basalt
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Fig 1 Composite phase diagram for basalt-H20, with P-T locationsof meltingexperiments inw hich adakitic granitoid liquidsw ere formed
(see references in text), thew ater-saturated or* wet basalt” solidus and thew ater-absent or dehydration melting solidus, and major phase
boundaries for garnet and hydrousminerals At pressures less than 3 5 GPa, liquids formed by very low degreesof melting (< 10%) near
the olidus have low Naz0/ K20 ratios (< 1 5); adakitic liquidsw ith higher N a0/ K20 ratios form at higher temperatures and greater
degrees of melting (10-30%). At higher pressures (> 3 5 GPa), granitoid liquids formed by low - to moderate-degrees of melting possess
high Si02 and Kz0 contents, very low Na0/ Kz ratios, and low A 1203 contents (see Table 2)

Table 1 M ajor-elenent oxide composition of starting material in melting expermentson hydrous basalts (w t%)

basalt 1 2 3 4 5 6 7 8
SO2 51 19 48 60 48 30 47 60 48 20 49 20 47 09 48 28
TiO2 118 2 06 Q72 119 Q 85 119 123 221
AlQs 16 62 17. 03 15 30 14 18 19 30 15 60 15 07 14 99
FeO " 11 32 10 69 10 70 13 77 8 94 13 60 13 20 11 13
M nO Q 23 Q21 Q 19 Q19 Q11 Q 15 Q 26 Q 20
M gO 6 59 6 07 8 40 6 86 8 72 6 89 8 29 7. 00
Ca 5 49 9 66 12 60 10 99 10 50 10 80 11 33 8 07
N a0 4 33 330 227 2 56 311 2 35 2 52 3 40
K20 Q 82 Q21 Q 08 Q19 Q 39 Q 26 Q 80 251

availability of water in the source if a free hydrous fluid
phase is present, then the surce can be considered to be
“ fully hydrated”, and melting will commence at the* wet
basalt” wlidus If no free fluid phase is present, all water
will be bound in hydrous minerals, and melting will
commence at the* fluid-absent” lidus through dehydration
melting reactions involving amphibole, zoisite, and other
w ater-bearing phases The =lidus for dehydration melting
occurs at somew hat higher temperatures than the water-
saturated or w et basalt slidus, with its exact location being

detem ined by the relative degree of hydration of the ource,
and the proportion of hydrous phases present (L opez and
Castro, 2001 V ielzeuf and Schmidt, 2001).

M elt canpositionsat 1- 4 GPa

Al shown in Fig 1 are the P-T locations of
experiments in which granitoid melts (that is, liquid
compositions that contain more than 10% quartz in a CIPWV
nom ative calculation) w ere reported (W inther and N ew ton,
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1991; Sen and Dunn, 1994, Rapp and W aton, 1995).
These experments were generally conducted under fluid-
absent conditions, w here melting proceeds via dehydration
reactions involving hydrous phases, primarily amphibole
Because potassium and thelL L Esbehave generally as highly
inoompatible elanents during partial melting, the most
potassic liquids, those richest in L LEs will fom at the
low est degrees of melting, nearest the olidus, and liquids
formed by progressively higher degrees of melting will be
less potassic and increasingly dilute with regect to the
L LEs Partialmeltsformed by very low -degreesof melting
(< 10%), will thus be more potassic, with lower N a0/
K:0 ratios (Q 9- 1 2), than their sodium-rich counterparts
(NaO/ KO > 1 5- 2 0), formed at slightly higher
temperatures and higher degreesof melting (10- 30w t%).
The amount of K20 in themelt at a given degree of melting
al appears to increase w ith increasing pressure (W inther
and Newvton, 1991), = that 20% melting at 3 8 GPa
produces a more potassic liquid than 20% melting of the
sane basalt at 1 8 GPa (see Table 1). The low est degrees
of melting should al produce liquidsw ith the highest Sr/Y
andL a/Yb ratios

The amphibole-out phase boundary exerts strong
control over the alumina saturation index (A SI, or A /CNK
= molarA 103/(CaD+ NaO + K:0)) of the partial melt,
such that metaluminous adakitic liquids (i e, A/CNK
< 10- 11) are only produced close to or beyond this
boundary (Rapp, 1995). M ost adakites, whether in a
subduction zoneor low er crustal setting, aremetaluminous,
and therefore they probably formed at temperaturesatw hich
residual anphibolew as either aminor phase, or not present
at all, and an eclogitic phase assanblage (garnet and
clinopyroxene) was predominant In this regard, we note
that most of the adakites from eastern China possess
A /CNK ratios less than 1 1 (Zhang et al , 2001).

Geochan ical
Adak ites

Camparisons with C-type

Geochemical comparisons between the experimental
adakitic liquids, adakites from eastern China, and adakites
formed either by slab melting or lower crustal melting of
subducted slabs reveal mportant smilarities and
differences, as outlined below, providing some initial
constraints on the petrogenesis of the compositionally-
distinctive potassic adakites.

M ajor-elenent campar isons

L ike" pristine” adakitic liquids in the basalt melting
experments, potassic adakites are typified by high SiO2 and
A 1203 contents, M g’ s less than 40- 45 (whereM g* = 100
x molar M g/[M g+ Fe])), and A /CNK ratios generally
< 10 11 Adakites related to slab melting often have
higher M g" ' s at lower SiO2 contents, and A /CNK ratios
less than 1 0, reflecting varying extents of interaction w ith
peridotite in the overlying mantlew edge, but trace elanent
abundance patterns ranain largely unaffected (see discussion
in Rapp et al , 1999, and 9mithies, 2001). Clear
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distinctions can therefore be made between relatively
“ pristine” and“ mantle-hybridized” adakitic magmas, and
although it ispremature to call potassic adakites' pristine”,

it sean s clear that they have experienced little interaction
w ith amantle component (as attested to by their low M ¢g* ' s
and low Cr and N i contents). A's shown by Wang et al.

(2001) and zhang andW ang (2001), theprimary difference,

in term s of major-elanents, betw een potassic adakite (C-
type) and wdic adakite (O-type) is that the former is
characterized by higher K20 contents and lower N a0/ K0
ratios over a comparable range of SO contents (60- 73
wt%). W hen plotted on a ternary feldpar (Ab-AnOr)
diagran, potassic adakites fall close to or within the
granodiorite and granite fields, relative to themore typically
tonalitic-trondhjem itic compositions of sdic adakites, as
well as most experimental adakite liquids (Rapp et al ,

1991; W inther and N ev ton, 1991, Sen and Dunn, 1994),

w ith the exception of those produced from very low degrees
of melting (i e , < 10w t%).

Trace elenent canpar isons

T race-elenent data for experimental liquids is relatively
scarce; ion microprobe data has been published for adakitic
liquids produced at 1- 3 GPa (analyzing several samples
fron Rapp and W aton, 1995), and both“ pristine” and
“ mantle-hybridized adakitic liquids at 3- 4 GPa (Rapp et
al., 1999). This data is combined with dditional
unpublished data (Rapp and Shimizu, in prep. ) in making
trace elanent comparisons between experimental adakitic
liquids, potassium-rich adakites from China, and Na-
granitoids of the Cordillera Blanca batholith (to typify
adakites derived by partial melting of thickened crust).
Plotsof L a/Yb versus Yb and Sr/Y and Y were first used
by M artin (1987) and Defant and D runmond (1990) to
discriminate adakites and their A rchean analogues (TTG)
from nomal calc-alkaline andesite-dacite-rhyolite volcanics
M antle-nomalized trace element abundance patterns for
liguids fomed at 3- 4 GPa, from melting of two different
basalts, and taken to be representative of pristine adakite
(unpublished data of Rgpp and Shimizu), are used to make
broader geochem ical comparions
Sr/Y versus Y and L a/Yb versus Yb

A relatively broad distribution is observed in L a/Yb
versusYb (Fig 2a) of the expermental adakites, a result of
variable degrees of partial melting, at different P-T
conditions, and different basaltic starting materials, but the
overall fractionation of L afrom Yb coupledw ith the relative
depletion in Yb is obvious Similar to other adakites,
asociated with subduction, O-type adakites from
Chinashow variable but smewvhat less pronounced
fractionation of L a from Yb, with comparable depletion in
Yh In oontrast, C-type adakites show more highly
variable, and in some cases extrane, degrees of REE
fractionation and Yb depletion (comparable to the range
seen in the experimental melts). Intemediate and felsic
samples (tonalites and sodic ignimbrites) from the Cordillera
Blanca are distributed over a range comparable to the
experimental melts and C-type adakites
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Fig 2 La/YbversusYb (a) and Sr/Y versusY (b) for: experimentalmeltsat 1- 4 GPa (samplesof Rgpp andW atson (1995) and Rapp
et al. (1999); “ nomal” odic adakites from eastern and central China (data of L i et al , 2001, W ang and Zhang, 2001, Xisong et al. ,
2001; Xuetal , 2000, 2001; Zhang etal , 2001), potassic adakitesfrom eastern China (dataof Pan etal. , 2001; W ang and Zhang, 2001
Wang et al. , 2001; Zhang et al , 2001), and tonalites and quartz diorites, and leucogranodiorites from the Cordillera B lanca batholith
(squaresw ith cross, dataof A therton and Petford, 1993; Petford and A therton, 1994)
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Fig 3 Traceelenent abundance patterns, nomalized to primitivemantle (Sun andM dDonough, 1989) for experimental adakite melts of
basalt # 1at 3 8and # 2 at 3 5GPa (Rapp andW atson, 1995; Rapp etal. , 1999), coexistingw ith rutile-bearing eclogite residues Smilar
patterns are observed in adakite melts from lower pressure experiments at 1- 3 GPa (data of Table 2 and unpublished data of Rapp and
Shimizu). Shown for comparison are the patterns for potassiun-rich adakites from eastern China (dataof W ang et al , 2001; samplesDBS

1019 and DBS JZ05); Pan et al. , 2001; sample 2174-1); Zhang et al , 2001; sample 134a), and tonalites and quartz diorites from the
CordilleraB lanca batholith, NW Peru (Petford and A therton, 1996)
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No clear distinctions are gpparent betw een these data
sets in tems of Sr/Y versus Y (Fig 2b), with adakites
from melting experments, eastern China and the Peruvian
A ndes all show ing the sane general distribution trend, that
of increasing fractionation of Sr from Y, coupled with
decreasing Y ooncentrations Based on the expermental
sanples, the range in the distribution of the data for the
natural adakites is attributable to a combination of factors,
including variable degrees of melting, at various P-T
conditions, of compositionally variable yet broadly basaltic
ources
M antle-nomalized trace elenent abundance patterns

Theoverall distribution of trace elenentsduring partial
melting is controlled by mineralmelt partition coefficients
for adakite liquids and crystalline phases present in the
residue of melting (dominantly garnet, clinopyroxene, and
rutile at pressures above 2 GPa). The characteristic trace
elenent signature of adakite is distinguished by an overall
enrichment in large ion-lithophile elements (including Ba,
Th, U, K, LREEs, Sr), and strong depletions in HFSEs
(e g, Nb, Ti) and the HREEs and Y (Defant and
Drummond, 1990, Kay et al , 1993). These features are
the consequence of equilibration betw een adakite melts and
eclogitic residues containing rutile, typify adakite liquids in
equilibrium w ith eclogitic residuesat 1 2- 3 8 GPa, and are
exemplified by the mantleenomalized trace-elenent
abundance patterns (sidergrans) for two liquids from
melting experiments at 3- 4 GPa (Fig 3). Patterns for C-
type adakites from eastern China (data from Pan et al ,
2001; W ang and Zhang, 2001; W ang et al , 2001) show
close smilarities to the expermental melts, with general
enrichment in L LEs, sharply negative N b-anomalies,
strong depletions in HREEs and Y, and variable relative
depletion in Ti The Chinese adakites, however, are
distinguished by LREE and L L E abundances that are as
high or higher than liguidsformed at 3 8 GPafrom themost
potassic basalt from Table 1, Ba, Th and K abundances are
egecially high in the Chinese sanples Potassic adakites
have higher abundancesof LREEs (LaandCe), MREE (Nd
and Sn), Th and Ba, and lower U, when compared to
tonalites and luecotonalites from the Cordillera Blanca
Smilar comparioons with other Na-granitoids (i e,
adakites) interpreted as lower crustal melts reveal similar
compositional contrastsw ith the potassic adakites

N evertheless the trace-elenent abundance patterns in
Fig 3 do strongly suggest that all these sanples are related
in the sense that they originated by partial melting of
hydrous, garnet-bearing metabasalt, and the adakite
geochamical signature was mparted through mineralmelt
partitioning w ith the residual phase assanblage (garnet +
clinopyroxene).

D iscussion

Potassium-rich adakites from eastern China gppear to
be compositionally unique anong granitoids possessing the
adakite geochemical signature and interpreted as lower
crustal melts Smilarities betw een the major- and trace-
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element characteristics of adakites from eastern China and
experimental melts clearly indicate an origin by dehydration
melting of garnet-bearingmetabasalt ThemetaluminousA /
CNK ratios (1 0- 1 1) and unifomly low M g’ s (less
than 40- 45) of the Chinese adakites suggest the follow ing,
repectively: (1) anphibolew as absent or aminor phase in
the residue of melting, and thus temperatures goproached or
exceeded the anphiboleout phase boundary ( 1000 at 2
GPa), and (2) the parental adakite magmas had limited
interaction with mantle (peridotitic) assamblages A't
pressures above 1 5- 2 0 GPa, ghene and/or rutile play a
crucial role in effecting the sharp negative anomalies in N b,
Tiand other HFSEs apparent in Figure 3

L iquids produced at pressures above 4 GPa (Table 2
and Fig 1) have very low NaO/ KO ratios ( Q 5), but
their A I0s contents are much lower than those of the
potassic adakites, and implied crustal thicknesses are
unrealistic (> 150 km). Potassium-rich granitoids formed
at slightly lower pressure (3 5- 3 8 GPa, see Table 2)
correpond more closely to C-type adakites in tems of
NaO/ KO ratios and A I20s contents, but would still
require crustal thicknesses in excess of 120 km. Very low
degreesof melting at pressuresof 1- 3 5 GPa (40- 120 km
depth) can produce high-potassium liquids, but these liquids
possessA /CNK ratios that are too high (< 1 1- 1 2) and
A 1203 concnetrations that are too low to corregpond to most
adakites Furthemore, such meltswould al be expected
to have the highest L a/Yb and Sr/Y ratios, due to the
partitioning effects of residual eclogitic phases, yet there is
no obvious correlation between L a/Yb or Sr/Y on the one
hand, and Na©O/ KO ratios on the other And adakites
with low Na®O/ KL ratios occur over a range of SO
ocontents, rather than at uniformly high SiO2, w hich would
be expected for very low -degree partial melts

More likely, the ocompositional distinctiveness of
potassic adakites is either attributable to a basaltic source
that is unusually enriched in potassium and otherL L Es, or
to the effects of assmilation of intemediate lithologies in
the lowermidddle crust Itopic studies clearly indicate
ome level of crustal involvement in eastern China, but
adakites from the A ndean A ustral Volcanic Zone w hich
show itopic evidence for significant interaction with the
sub-arc crust (e g. , Burney and Reclus volcanoes Killian
and Stern, 1996) still have® nomal”, adakitic, N a0/ K20
ratios (3- 5), and significantly lower L L E abundances
than the potassic adakites of eastern China

These oonsiderations lead us to believe that the
geochamical peculiarities that distinguish potassium-rich
adakites arise from some unique agect of either their
urce, or the lower crustal material with which they
interacted Potassium-rich shoshonites with high L LE
abundances (e g. , Ba, Th, U, LREES), erupted in eastern
China in the early Cretaceous (W ang and Zhang, 2001)
attest to mantle activity and suggest a possible* enriched”
urce for the C-type adakites that follow ed upon magnm atic
underplating and crustal overthickening A lternatively,
assmilation of ocompositionally intemmediate granulitic
lithologies in themiddle to lower crust (Taylor and
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Table 2 M ajor-elanent compositionsof near-lidusmeltsfrom 3 8 to 5 GPa

P(GPa) 18 32 38 38 38 38 50 50
Temp( ) 1000 1100 1000 1100 1200 1000 1100 1200
Oxide (Wt%)
SO2 67. 88 65 93 71 10 67. 52 66 61 73 15 67. 20 69 29
TiO2 Q 49 131 Q79 172 1 88 Q 68 178 219
AlQs 18 01 17 55 14 43 17 60 13 84 14 68 12 01 11 58
FeO * 227 315 116 345 3 68 133 4 02 4 13
M nO Q24 Q12 Q 02 Q 07 Q 04 Q 03 Q 05 Q 06
M gO 149 102 Q 43 1 53 1 48 Q 67 165 184
ca 125 147 136 2 55 2 42 2 98 337 2 56
N a0 6 47 6 72 312 512 5 98 4 53 277 2 69
K20 2 62 2 55 7 03 4 13 3 66 1 59 6 46 5 66
POs na na Q 57 na Q 42 Q 35 na na
M g* Q 28 Q 37 Q 40 Q 44 Q 42 Q 47 Q 42 Q 44
A /CNK 114 106 Q 95 100 Q 76 101 Q 68 Q 76
N a0 /K0 2 47 2 64 Q 44 124 1 63 285 Q 43 Q 48
M elt(%) 20 30 12 17 36 8 13
T race elements
La 88 15 20 16 6 - 72 39 4 -
Yb Q6 a5 Q6 a9 - 15 Q7 -
La/Yb 15 30 36 18 - 48 56 -
Sr 390 820 - 854 - 907 1663 -
Y 45 45 - 10 - 82 135 -
st/ 87 182 - 85 - 111 123 -

M cClennan, 1995) could explain the preferential enrichment
in potassium and other L LEs In either case, C-type
adakites are considered to be the productsof partial melting
at the base of magmatically thickened low er crust; adakite
magmatisn was followed by a period of crustal extension
and thinning, possibly in reponse to the foundering of dense
eclogitic residues of melting, lower crustal delam ination,
and inflow of hot asthenogphericmantle W ang and Zhang,
2001).
“ Flat slab subduction” models based on seisnic,
geochamical and geochronologic evidence have recently been
proposed for theA ndes in Peru and southern Ecuador (Beate
etal , 2001; Gutscher et al , 1999, Gutscher et al. , 2000),
offering an alternative to the low er crustal meltingmodelsof
A therton and Petford (1993). In these models, adakite
magmatisn is the result not of partial melting in the lower
crust, but a consequence of slab melting Subduction of the
thick and buoyant® lost Inca Plateau” proceeded at a shallow
angle and flattened out after penetrating 300 - 400 km
inboard of the trench (Beate et al , 2001), providing an
alternative (melting of the flat slab) to the lower crustal
melting models for adakite volcanisn in northern Peru and
uthern Ecuador. It renains to be seenw hether or not such
geodynam ic models are gpplicable to eastern China Kmura
et al (1990) suggest that eastern A siaw as being intensely
defomed in the early Cretaceous as a consequence of
wllision between the Indochina Block and the Eurasian
continent, arguing that these events controlled the evolution
of subduction along the eastern continental margin
Y anshanian adakitemagmatisn in eastern Chinawould then

have to be understood within the context of this more
complex geodynamic setting, and any petrogeneticmodel for
potassium-rich adakites would have to acoount for their
compositional uniqueness

Conclusions

Potassium-rich adakites of eastern China gppear to be
compositionally anong adakites formed by either “ slab
melting” or*“ lower crustal melting” of broadly basaltic
urces The distinctiveness of the potassic adakites is
attributable either to unique agects of the source (alkailic
basalt enriched inL L ES), or to the nature of the material
w ith w hich it reacts during trangport and enplacenent For
most of the eastern China adakites, there is evidence for
only limited mantle involvement in their petrogenesis, given
their generally low Mg'’'s ( < 45); assmilation of
granulitic lithologies in the lower to middle crust could
explain both the low M ¢g*’ s and the preferential enrichment
in potassium and other L L Es, w hile being consistent w ith
the itopic evidence Clearly, additional experimental study
(including melting and assimilation experiments) is needed
to better oconstrain the petrogenesis of potassium-rich
adakites, and their role in crustal grow th in eastern China,
but their inclusion in the adakite family of granitoids, with
origins in the dehydration melting of garnet-bearing
metabasalt, seem s gopropriate
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