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Editor’s Note   

P. R. Castillo is a Professor of Geology at Scripps Institution of Oceanography (SIO), University of 
California at San Diego.  He received a BSc from University of the Philippines in 1977, an MSc from 
University of Akron (USA) in 1983, and a PhD from Washington University (USA) in 1987. He held posi-
tions at Carnegie Institution of Washington and University of Miami before he joined SIO in 1990. Pat is a 
field geologist on land and at sea, a petrologist, and an isotope geochemist.  He participated in 15 sea-
floor mapping and sampling expeditions, including 3 ODP legs.  He emphasizes chemical geodynamics 
in research and uses petrology and geochemistry to understand physical processes associated with 
subduction zones and ocean ridges. He publishes significant papers in leading journals such as Nature, 
Science, Geology, Earth and Planetary Science Letters, Journal of Geophysical Research, Journal of Pe-
trology, etc.  Soon after the recognition of the now famous “Dupal Anomaly” in 1980’s, Pat pointed out 
with insight that the two maxima of the isotopic “Dupal Anomaly” in the southern hemisphere are in fact 
closely associated with the two large-scale regions of low seismic velocity in the lower mantle that also 
correspond to surface loci of active hotspots.  He proposed that these hotspots are manifestations of the 
chemical structure of the mantle and the nature of mantle convection (Nature, 336: 667―670, 1988).  
Indeed, Pat stands high, thinks big, and is ahead of time, and ahead of many of us. His research on sea-
floor basalts has revealed many surprises about the scale and amplitude of mantle chemical and isotopic 
heterogeneities. He studies the geochemistry of present-day mid-ocean ridge basalts (MORB), but he 
also emphasizes the birth of ocean basins and MORB mantle compositional evolution over the past ~ 200 
Ma. His studies of the Jurassic ocean crust in the Nauru Basin and the Cretaceous igneous complexes in 
this and other basins in the western Pacific have incited further international efforts towards understanding 
the intra-plate volcanism, including two ODP legs drilling into the Ontong Java Plateau.  Pat’s contribu-
tions to the study of subduction zone magmatism are provocative. His recognition of high-field element 
(HFSE) enrichments in some arc lavas (Geology, 30: 707 ― 710, 2002) opens our mind that 
slab-dehydration may not be the only trigger for subduction-zone magmatism. Importantly, Pat is among 
the very first who cautioned us with evidence, insight and strong arguments that the so-called “adakites” 
are not necessarily derived from partial melting of subducting slabs (Contrib. Mineral. Petrol., 134: 33―51, 
1999).   

Thanks to the alert by P. J. Wyllie of California Institute of Technology, I studied the “Science Citation 
Index from Web of Knowledge” (SCI-WoK) that the term “adakite” first appeared in Chinese SCI journals 
in 2000, about 10 years after the “adakite” proposal by Defant and Drummond [1], but Chinese SCI papers 
on adakites have flooded rapidly in the past 5 years. As of December 1st, 2005, 53 adakite papers have 
been published in Chinese SCI journals, which takes ~ 24% of the total published adakite papers recorded 
in SCI-WoK. Such high productivity reflects the great efforts and achievements by our Chinese scientists, 
but in the mean time it is also difficult to avoid some misperceptions about adakites, adakitic rocks and 
their significance.  For this reason, and because of the probable/potential significance of adakites and 
adakitic rocks in the context of continental crust growth and Cu-Au mineralization, it is timely to have an 
overview on adakite genesis. I am delighted that Pat Castillo, a leading researcher on adakites, accepted 
the invitation for such an overview.  I agree with the referees that Pat’s overview is excellent, objective 
and comprehensive. Slab melting may indeed occur to produce adakites, but adakites or adakitic rocks do 
not necessarily form through slab melting.  Thus, caution is needed before reaching the conclusion that 
volcanic rocks with adakitic geochemistry must be produced by partial melting of subducting oceanic 
crusts. 

 
(Yaoling Niu, Executive Editor, Department of Earth Sciences, Durham University, UK) 
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Abstract  The term adakite was originally pro-
posed to define silica-rich, high Sr/Y and La/Yb vol-
canic and plutonic rocks derived from melting of the 
basaltic portion of oceanic crust subducted beneath 
volcanic arcs. It was also initially believed that ada-
kite only occurs in convergent margins where young 
and thus still hot oceanic slabs are being subducted, 
but later studies have proposed that it also occurs in 
other arc settings where unusual tectonic conditions 
can lower the solidus of older slabs. Currently, ada-
kite covers a range of arc rocks ranging from pristine 
slab melt, to adakite-peridotite hybrid melt, to melt 
derived from peridotite metasomatized by slab melt. 
Adakite studies have generated some confusions 
because (1) the definition of adakite combines com- 
positional criteria with a genetic interpretation (melt- 
ing of subducted basalt), (2) the definition is fairly 
broad and relies on chemistry as its distinguishing 
characteristic, (3) the use of high pressure melting 
experiment results on wet basalts as unequivocal 
proofs of slab melting and (4) the existence of ada- 
kitic rocks with chemical characteristics similar to 
adakites but are clearly unrelated to slab melting. 
Other studies have shown that adakitic rocks and a 
number of the previously reported adakites are pro- 
duced through melting of the mafic lower crust or 
ponded basaltic magma, high-pressure crystal frac- 
tionation of basaltic magma and low-pressure crystal 
fractionation of basaltic magma plus magma mixing 
processes in both arc or non-arc tectonic environ- 
ments. Despite the confusing interpretations on the 
petrogenesis of adakite and adakitic rocks, their in- 
vestigations have enriched our understanding of 
material recycling at subduction zones, crustal evolu- 
tionary processes and economic mineralization. 
Keywords: adakite, slab melting, metasomatism, eclogite, amphibo-
lite, Archean TTG, magnesian andesite, high-Nb basalt, subduction 
zone, arc magmatism. 

Adakite is a petrologic term that Defant and Drum-

mond[1] first introduced ~ 15 years ago to refer to “vol-
canic or intrusive rocks in Cenozoic arcs associated 
with subduction of young (≤25 Ma) oceanic litho- 
sphere”; these rocks are “characterized by ≥56 wt% 
SiO2, ≥15% Al2O3 (rarely lower), usually < 3% MgO 
(rarely above 6% MgO), low Y and HREE relative to 
ADRs (for example, Y and Yb ≤ 18 and 1.9 ppm, 
respectively), high Sr relative to island arc ADR (rarely 
< 400 ppm), low high-field strength elements (HFSEs), 
as in most island arc ADRs, and 87Sr/87Sr usually     
< 0.7040)”, Partial melting of subducted basalt, which 
would have been metamorphosed at the zone of arc 
magma generation to eclogite or amphibolite, gives 
adakite such a distinct set of compositional characteris-
tics (Table 1). The identification of adakite represents a 
significant progress in the study of arc magmatism be-
cause it has enhanced our understanding on the fate of 
the oceanic slab after it has been subducted into the 
mantle, and hence the issue of crustal recycling at con-
vergent margins. Moreover, it suggests a formation 
mechanism for the Archaean trondhjemite-tonalite- 
granodiorite (TTG) rock association that makes up a 
large portion of the continental crust and thus provides 
an indication to crustal evolutionary processes[2―7]. Fi-
nally, the occurrence of adakite is of great economic 
importance because it has been genetically linked to the 
majority of known Cu-Au mineralization world- 
wide[8―12]. Consequently, adakite has spawned a pleth-
ora of investigations. However, the current literature on 
adakite becomes confusing because the definition of 
adakite has evolved considerably and more problem-
atically, many igneous rocks with chemical characteris-
tics similar to those of adakite but unconnected to slab 
melting (henceforth called adakitic rocks) casts serious 
doubts to the petrogenetic significance of the term. 

The main objective of this brief overview is to trace 
the history of the term adakite, discuss the use or abuse 
of the term and present some of the fundamental rea- 
sons for the current diverging views on the subject. For 
the purposes of this overview, the discussion is limited 
to Phanerozoic adakite and adakitic rocks. Note that 
space consideration prohibits critical evaluations of 
compting model for the petrogenesis of adakite and 
adakite rock and may have resulted in oversimplifica- 
tion of ideas as well as prohibit exhaustive discussion 
and acknowledgement of all the related work――for 
these the author sincerely apologizes. The connection  
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Table 1  Main geochemical features of adakite 
Characteristics Possible links to subducted slab melting[1,7,27,56]

high SiO2 (≥56 wt%) high-P melting of eclogite/garnet amphibolite 
high Al2O3 (≥15 wt%) at ~ 70 wt% SiO2; high P partial melting of eclogite or amphibolite 
low MgO (< 3 wt%) and low Ni and Cr; if primary melt, not derived from a mantle peridotite 
high Sr (> 300 ppm) melting of plagioclase or absence of plagioclase in the residue 
no Eu anomaly either minor plagioclase residue or source basalt depleted in Eu 
low Y (< 15 ppm) indicative of garnet (to a lesser extent, of hornblende or clinopyroxene) as a residual or liquidus phase 

high Sr/Y (> 20) higher than that produced by normal crystal fractionation; indicative of garnet and amphibole as a residual phase or 
liquidus phase 

low Yb (< 1.9 ppm) meaning low HREE; indicative of garnet as a residual or liquidus phase 
high La/Yb ( > 20) LREE enriched relative to HREE; indicative of garnet as a residual or liquidus phase 
low HFSE's (Nb, Ta) as in most arc lavas; Ti-phase or hornblende in the source  
low 87Sr/86Sr( < 0.704) plus low 206Pb/204Pb, K/La, Rb/La, Ba/La and high 143Nd/144Nd; normal-MORB signature 

 
or lack thereof between slab melting and TTG forma- 
tion also abound in the literature and readers are re- 
ferred to Rollinson and Martin[6] for recent discussions 
on this topic. 

1  Background 
The concept that some of the crustal materials sub-

ducted into the mantle at convergent margins get 
melted and recycled back into the crust is not new. 
Armstrong[13] proposed that continental sediments be-
ing subducted at the margins of continents are the 
source of arc volcanics and intrusives right after the 
birth of the plate tectonics paradigm has been en-
trenched firmly as a theory. That the subducted oceanic 
crust itself gets melted was extensively discussed in the 
early 1970’s[14] and deemed acceptable as a primary 
cause of arc magma generation in the early 1980’s[15]. 
For example, Marsh and co-workers[16,17] specifically 
proposed that slab melting produces high-Al basalts, 
which may represent primary arc magmas. The notion 
of wholesale melting of the subducted slab, however, 
was basically superceded by results of many petrologic 
investigations that indicate that slab dehydration can 
reasonably explain the main geochemical characteris-
tics of arc lavas[18―21]. A new concept was conceived 
from these results, and this concept reduces the contri-
bution of the subducted slab to arc magma generation 
to a less grandiose scale of a generic “subduction com-
ponent” that metasomatizes as well as lowers the melt-
ing temperature of the mantle wedge peridotite, the 
main source of arc magmas. The subduction component 
provides the majority of convergent magmas their 
hallmark signature, notably their general enrichment in 
the abundances of volatiles and fluid-mobile incom-
patible trace elements such as large ion lithophile ele- 

ments (LILE; e.g. Rb, K, Ba, Sr), but strong depletion 
in high field strength elements (HFSEs; e.g. Nb, Ta, Zr, 
Ti, Hf), which make it unique from magmas emplaced 
in other tectonic settings[19―23]. Moreover, the new con- 
cept implies that the majority of primary convergent 
margin magmas generated through partial melting of 
such metasomatized mantle wedge undergo fractional 
crystallization and magma mixing processes and in-
variably assimilate crustal materials to produce the 
spectrum of arc lavas. Consequently, the majority of 
petrologic studies on arc magmatism focus on the sub-
duction component――its source (whether the basaltic 
portion of the crust, the overlying sediments or both), 
relative contribution to the mantle wedge (%) and 
transfer mechanism from the slab to the mantle 
(whether in the form of hydrous fluids squeezed from 
the slab, or hydrous melt formed by partial melting of 
the slab or both).  

A generally accepted outcome of many arc petro-
logic studies is that the subduction component comes 
mainly from dehydration of the basaltic portion of the 
subducting slab and from a modest extent (< 10%) of 
melting of the overlying sediment[24―26]. Back in the 
late 1970’s, the uncommon trace element characteristics 
of some magnesian andesites (56―59 wt% SiO2) from 
Adak Island in the western section of the Aleutian arc 
volcanic chain, however, led Kay [27] to believe that 
these lavas must have had a petrogenetic history dif-
ferent from that of typical convergent margin lavas. The 
andesites are relatively primitive, having relatively high 
MgO (5 wt%) and Ni (150 ppm) contents and have dis-
tinctively low FeO*/MgO ratios (<1.2), yet much 
higher Sr contents and higher Sr/Y and La/Yb ratios 
than typical convergent margin lavas. Kay [27] proposed 
that these andesites must have been small amounts of 
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hydrous melts generated through partial melting of the 
basaltic portion of the subducted Pacific plate that 
equilibrated with mantle peridotite. The relatively low 
Sr and Pb, but high Nd isotopic compositions of these 
lavas lend support to the slab-derived origin of the melt 
that equilibrated with peridotite. Such a notion of slab 
melting had been proposed earlier to account for lavas 
with similarly uncommon compositional signature in 
e.g., the Cascades[28], southern Andes[29] and Baja Cali-
fornia[30]. Defant and Drummond [1] used the term ada-
kite for slab derived melt in reference to the work done 
by Kay[27] on magnesian andesites from Adak Island in 
the Aleutians. 

2  Adakite from slab melting 
Published reports on adakite can be grouped simply 

into those perpetuating its slab melting origin[3,31―36] 
and those asserting that slab melting is not the only way 
to generate the composition of adakitic rocks[37―42]. The 
production of adakite magma through melting of sub-
ducted basaltic crust is anchored on strong experimental 
and observational grounds. Experimental work on wa- 
ter- saturated or dehydration melting of amphibolites has 
produced adakite melt[43―49]. Adakitic glass inclusions in 
arc lavas, mineralogy of xenoliths within subduction 
related lavas[36,50] and migmatitic veins with intermedi- 
ate to felsic compositions in ophiolites[51―54] have also 
been observed. Finally, ion probe analyses of clinopy-
roxene phenocrysts in primitive Aleutian magnesian 
andesites show atypical correlation between Mg# and Sr 
and Nd/Yb, suggesting a slab melt that equilibrated with 
mantle olivine is necessary to generate the archetypal 
adakite[55].  

Defant and Drummond[1] originally suggested that 
adakite only occurs in modern convergent margins 
where young (< 25 Ma) and thus still hot oceanic crusts 
are being subducted, consistent with results of com-
bined partial melting models for subducted basaltic crust 
and two-dimensional thermal models of subduction 
zones[56]. Follow-up studies endorsed the presence of 
adakites or the involvement of slab-derived melts in 
many of these localities (Table 2) although alternative 
petrogenetic models of the rocks in a number of these 
localities have previously been proposed. For example, 
the “Setouchi” magnesian andesites in southwest Japan 
are primary melts generated in the upper mantle[57,58]; 
the “bajaites” in Baja California are generated in the 
mantle that has been thermally relaxed and PH2O low-

ered due to breakdown of amphibole[59]; the dacites in  
Mt. St. Helens are produced by melting of the lower 
crust[60]. Follow-up studies also added other adakite 
localities where moderately old (>25 Ma) oceanic 
crusts are being subducted during subduction initia-
tion[33], subduction collision[34,61], tearing of the slab 
leading to the opening of an asthenospheric win-
dow[62,63], and shallowing of subduction angle[64―66]. 
For example, adakite is formed from melting of rela-
tively old oceanic crust during arc initiation and arc 
collision in the tectonically complex southern Philippi-
nes[33,34,61] and in the flat subduction zones in the 
northern Andes[64―66]. A few modifications to the criteria 
for identifying adakite were also introduced. For exam-
ple, the La/Yb ratio (and hence the degree of light REE 
enrichment), one of the two key trace element ratios for 
distinguishing adakite from normal arc andesites- 
dacites-rhyolites (ADRs), has been relaxed to slightly 
lower values in order to accommodate the characteris-
tics of adakites produced in some of these localiti-
es[33,34,67].  
 
Table 2  Partial list of arc localities where adakites have been identified 

Locations References 
Aleutians [27, 68, 96] 
Austral Chile [35, 97―104] 
Baja California, Mexico [30, 72, 63] 
Cascade [1, 28, 105] 
Ecuador [66, 106, 107] 
Southwest Japan [58, 108] 
Kamchatka [36, 109―111] 
Los Chocoyos, Guatemala [1] 
Northern Andes [64, 66] 
Northern Philippines [1, 50] 
Panama and Costa Rica [1, 31, 32] 
Papua New Guinea [1] 
Skagway Batholith, Alaska [1] 
Southern Philippines [33, 34, 61, 112] 
Woodlark Basin [1] 
Mian-Lueyang, C. China [67] 
Jungar, N.W. China [88] 
Gangdese, S. Tibet [89] 

 
A more significant shift in the definition of adakite is 

about the proportion of pristine adakite[1] relative to 
adakite generated with direct or indirect participation of 
mantle peridotite. Similar to Kay[27], Yogodzinski et 
al.[68] emphasized that although some of the magnesian 
andesites in western Aleutians, the location for arche-
typal adakite, indeed have the high Sr content and 
La/Yb ratio signature of slab melt, they are also fairly 
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primitive, having moderate MgO and relatively high Ni 
and Cr contents. These are believed to be generated by 
the equilibration of slab melt with mantle peri-
dotite[27,55,68]. Other adakite studies have recognized 
similar fairly primitive characteristics. Moreover, a re-
cent study proposed that there is a primitive magnesian 
andesite or “low silica” variety of adakite, which is a 
product of melting of mantle peridotite that has been 
previously metasomatized by primary slab melt[69,70]. 
This low silica adakite is chemically different from the 
“high silica” variety, which consists of both the pristine 
slab melt and slab melt that has equilibrated with man-
tle peridotite, in that e.g., it has lower light REE, Sr and 
Rb concentrations and lower Sr/Y for given Y content 
than the latter (Fig. 1). Thus it is important to note that 
whichever classification is used, there is growing evi-
dence that mantle peridotite is either directly or indi- 

 
Fig. 1.  Plots of MgO (wt%) vs. SiO2 (wt%) (a), (CaO + Na2O) (wt%) 
vs. Sr (ppm) (b) and TiO2 (wt%) vs. Cr/Ni (c) showing some of the 
chemical differences between low silica adakite (gray field) and high 
silica adakite (white field) varieties (modified after ref. [70]). Represen-
tative adakite[27,32,55,103] and adakitic rock[42,67,84] suites are also shown. 

rectly involved in the generation of the majority of 
adakites. 

The low silica adakite variety is not to be confused 
with the alkalic, HFSE-enriched, high-Nb basalt (HNB) 
that was also proposed to be produced by a similar 
concept of metasomatism of the mantle with slab 
melt[10,32,34,71]. Adakite is usually associated with HNB 
and such association has been used as circumstantial 
evidence of slab melting. Basically, it is proposed that 
adakite derived from melting of subducted basaltic 
crust stabilizes in the mantle wedge amphibole, which 
later breaks down and releases HFSE into the mantle 
wedge peridotite. Such a metasomatized peridotite later 
becomes the source of HNB[10,32,34,72]. However, this 
model is controversial because combined major-trace 
element and Sr-Nd isotope data for some of the primi-
tive, high-K calc-alkalic HNB show that the source of 
HFSE is a geochemically enriched component in the 
mantle wedge[73,74]. 

3  Adakitic rocks produced by other petrogenetic 
processes  

As mentioned earlier, there are many adakitic rocks 
with chemical characteristics that are identical to those 
of adakite (Table 1). One possible origin of these rocks 
is through partial melting of thickened lower    
crust[38―40,75―80]. Adakitic rocks also belong to either 
pristine crustal melt group or crustal melt that has 
equilibrated or interacted with mantle peridotite group 
(Fig. 1). That is, in addition to the low MgO variety, 
there are some lower crust derived adakitic rocks that 
have high MgO, low FeO/MgO for given MgO (or high 
Mg#) and high compatible trace elements (e.g., Ni, Cr) 
indicative of mantle peridotite signature. The latter 
group is proposed to be generated by the interaction 
between peridotite and melts derived from lower crustal 
materials that have been delaminated into the man-
tle[41,81―84]. Interestingly, many of the recently reported 
adakitic rocks are in China[41,67,77―80,83―87] in addition to 
the few proposed adakites[67,86,88,89] there. 

Similar to adakite generation from subducted oceanic 
crust, the generation of adakitic rocks from mafic lower 
crust is consistent with the results of basalt melting at 
high pressure where garnet is a stable and residual phase. 
However, an effective and hence commonly used ar-
gument for a lower crust origin and at the same time 
argues against an oceanic slab origin for the adakitic 
rocks in China is based on their radiogenic isotopic 
signature, particularly their Sr and Nd isotopic ratios 
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(Fig. 2), which reflect the composition of their source or 
sources. Their isotopic ratios are very similar if not 
identical to those of the continental crust and are dif-
ferent from those of adakites. Adakite derives its abun-
dant Sr and Nd elemental contents from the subducted 
oceanic basalt and is thus expected to have oceanic 
crust-like isotopic signature, as shown by some of the 
reported adakites elsewhere (Fig. 2). Another important 
argument against a subducted slab origin for the major-
ity of adakitic rocks in China is based on tectonic and 
other geophysical evidence for possible absence of 
subducted slab protoliths or outright non-arc environ-
ments during the generation of these adakitic 
rocks[41,80,83―85].  

and hence extremely enriched in large-ion lithophile 
elements[1,10,32]. Whereas the andesites and dacites in 
southern Philippines may be designated as slab derived 
rocks based primarily on their chemical characteristics, 
as is the norm for identifying adakite in the field (Fig. 3 
and see discussion below), the intrinsic spatial and 
temporal association of the different flows and overall 
chemical and isotopic integrity of the Camiguin Island 
lava series strongly suggest they belong to a single, 
genetically related basalt to rhyolite arc lava series[37]. 
Modeling results show that these andesites and dacites 
can be related to the more primitive Camiguin basalts 
derived from the metasomatized mantle wedge through 
combined crystal fractionation of primarily hornblende 
and clinopyroxene (± apatite) and mixing of differenti-
ated magmas with primitive magmas periodically re-
fluxed into the magma chamber. 

Another possible source of adakitic rocks is through 
differentiation of parental basaltic magma. Slab derived 
adakites in the tectonically complex southern Philip-
pines, mentioned earlier as one of the adakite type lo-
calities (Table 2), outcrop in several areas[33,34,61]. De-
tailed investigations show that the purported adakites in 
one of these areas (Camiguin Island) are mainly ande-
site and dacite lava flows interbedded with basalt, ba-
saltic andesite and occasional rhyolite flows in a fairly 
small cluster of young (<2 Ma) volcanoes[33,34,37,61]. 
Note that this invalidates one of the criteria for desig-
nating adakite as a slab derived melt-that it is rarely 
associated with basalt or basaltic andesite. As men- 
tioned earlier, adakite is purported to be only associated 
with HNB or basalts belonging to the alkalic rock series 

Macpherson et al.[42] studied another area (Surigao 
Peninsula) in the southern Philippines adakite locality 
and also concluded that the adakitic rocks previously 
reported there by Sajona et al.[33,34,61] could not have 
been derived by slab melting. The liquid line of descent 
of these adakitic rocks mimics the high-pres- sure crys-
tal fractionation trend of primitive arc magmas under 
uppermost mantle conditions[90]. Combined with tec-
tonic arguments, Macpherson et al.[42] thus concluded 
that the Surigao adakitic rocks are most probably prod- 
ucts of high pressure crystal fractionation of the original 
arc basalts derived from the metasomatized mantle 

 

 
Fig. 2.  87Sr/86Sr vs. 143Nd/144Nd ratios for some of the reported adakitic rocks in China[41,80,84]. Fields for Cenozoic adakites[27,32,72,100,103] and Dabie 
metamorphic complex[113] are shown for reference.  Note the more heterogeneous and distinctively higher 87Sr/86Sr but lower 143Nd/144Nd ratios of the 
adakitic rocks compared to those of the adakites.  
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Fig. 3. Sr/Y vs. Y diagram commonly used to show “distinct” adakite and 
arc andesite, dacite and rhyolite (ADR) compositional fields. Although 
many normal arc lavas plot within the ADR field and adakites plot within 
the adakite field, there are a few arc rocks series that define continuous 
trends running through both fields, e.g., A. southern Philippines arc 
lavas[37], B. Lesser Antilles arc lavas[114] and C. Marianas arc lavas[114]. 

 
wedge that were ponded in the lower crust. It is also 
possible that these adakitic rocks could have been de-
rived through partial melting of the ponded basalts at 
high pressure[42]. 

Similar to the adakitic rocks in China, the non-slab 
origin of adakitic rocks from both Camiguin and Suri-
gao areas in southern Philippines is supported by de-
tailed field observations and analysis of geochemical 
and Sr-Nd-Pb isotope data[37,42]. Additionally, results of 
a recent Os isotopic investigation of Cu-Au mineraliza-
tion associated with the reported adakites in different 
areas in Mindanao, including those from Surigao, also 
argue against the slab melting model[91]. Almost all the 
samples analyzed have 187Os/188Os ratios that are simi-
lar to those of young mid-ocean ridge basalts and 
“normal” arc rocks, suggesting that the ultimate origin 
of siderophile metals associated with adakitic rocks is 
the mantle, not the crust. This is in direct conflict with 
the proposal that slab derived adakites are the source of 
siderophile element enrichment not only in southern 
Philippines but also globally[8―12]. Consequently, the 
validity of slab melting origin of some of the reported 
adakites in southern Philippines and perhaps elsewhere 
on the globe (Table 2) is dubious[37,42,91―93]. 

4  Discussion and comments 
Defant and Drummond’s[1] original intention of de- 

fining a rock type produced specifically through slab 
melting has generated a wide spectrum of interesting 

but confusing results. On the one end, the presence of 
adakites irrespective of age and rock association be-
comes a routine tool for some investigators because not 
only it provides a priori petrogenetic history for these 
rocks but also an avenue to propose novel geodynamic 
models to heat the slab in regions where they occur. On 
the other end, the presence of igneous rocks having 
identical compositional characteristics of adakite and 
even some of the previously reported adakites in e.g., 
southern Philippines and northern Andes stimulates 
other investigators to expose the inadequacies of the 
slab melting mechanism for the generation of all igne-
ous rocks with adakite chemical characteristics (Table 1) 
and to present alternative petrogenetic models for these 
rocks. In any case, the current diverging interpretations 
on the origin of adakites and adakitic rocks are to be 
welcomed because they lead to more discoveries than 
the slab melting model alone. However, these diverging 
interpretations also pose the obvious question――what 
is the rightful petrogenesis of adakites or adakitic rocks? 
To this, the author is in the opinion that majority of the 
chemical characteristics presented in Table 1 is not 
unique to slab melts and thus it is possible that adakites 
and adakitic rocks can be generated at different tectonic 
settings. Moreover, it appears that the common link 
among igneous rocks with high Sr/Y and La/Yb ratios is 
the involvement of garnet and/or amphibole in their 
generation either during partial melting or magmatic 
differentiation. However, the research topic is still rela-
tively young and more data and observations are still 
being generated. Thus, instead of answering the question 
directly, this overview focuses on presenting the fun-
damental reasons as to why the confusion has arisen in 
order to put the various interpretations into proper per-
spectives. 

Under proper physicochemical conditions, there is 
no denying that subducted basalt can melt. The fact that 
there are adakite-like glass inclusions in arc peridotites, 
adakite-like veins in obducted oceanic slab and xenolith 
and mineralogical evidence for slab melt equilibration 
with mantle peridotite makes a very strong case for slab 
melting to occur naturally. Thus adakite is most proba-
bly being generated in at least some subduction zones.  

One source of confusion is that despite its proposed, 
highly-specific slab melt origin, adakite covers a broad 
range of rock types. As mentioned earlier, adakite does 
not refer to a single rock type, but to a series of arc 
volcanic and plutonic rocks ranging from silica-rich 
and MgO-poor, pristine slab melt[1] to MgO-richer 
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magnesian andesite produced by the equilibration of 
slab melt with mantle peridotite[27,68] and then lately, to 
magnesian andesite produced by melting of the peri-
dotite mantle metasomatized by slab melt[69,70]. 

Another source of confusion is the mineralogical and 
lithological characteristics of adakite. In common with 
the majority of arc rocks, adakite is petrographically 
highly variable and generally contains plagioclase as a 
ubiquitous phase. Thus, adakite is identified almost 
exclusively by its chemistry, primarily using its high 
Sr/Y and La/Yb ratios and low Y and Yb contents. 
Hence the two almost universally used diagnostic tools 
to define adakite are the Sr/Y ratio vs. Y concentration 
and La/Yb ratio vs. La concentration diagrams. These 
are usually employed, particularly the Sr/Y vs. Y dia-
gram (Fig. 3), to depict distinct fields for low Sr/Y and 
La/Yb - high Y and Yb normal ADR’s and high Sr/Y and 
La/Yb and low Y and Yb adakites. Although the major-
ity of arc rocks indeed plot in the ADR field, there are a 
number of arc lavas that define a continuum from ADR 
to adakite field. For example, in addition to those from 
Camiguin and Surigao in southern Philippines, there 
are other arc lavas belonging to the same rock series 
that range continuously from low Sr/Y ADR field to 
high Sr/Y adakite field.  

The broad chemical and lithologic spectra of adakite 
can be traced back to the quantity of pristine slab melt 
that can physically make its way to volcanic arcs with-
out at least being contaminated by the peridotite mantle. 
Experimental results show that silica-rich melt coming 
from the slab would quickly freeze in the peridotite 
mantle[94]. Rapp et al.[69] showed a similar scenario, 
although only when the “effective” adakite melt: peri-
dotite ratio is <1:1. Thus pristine slab melt most likely 
comprises a small proportion of adakite, and later ada-
kite studies seem to be coming into such a consen-  
sus [95]. In other words, the majority of adakites is pro-
duced through equilibration with or direct melting of 
mantle peridotite. This apparent preponderance of per-
idotite- influenced variety of adakite leads to another 
question on the difference between a mantle-derived 
adakite and a parental arc magma derived from melting 
of mantle peridotite metasomatized by a subduction 
component consisting mainly of slab-derived melt. It is 
important to note that to begin with, it is widely ac-
cepted that adakite is volumetrically minor compared to 
typical arc magma derived from the metasomatized 
mantle wedge[1,27,30], even in localities where adakites 
occur (Table 2). This is due to the notion that adakite is 

exclusively generated in subduction zones where un-
usual tectonic phenomena, such as subduction of young 
oceanic crust, initiation of subduction, subduction col-
lision, slab tearing, and shallowing of subduction angle 
occur. 

Many adakite studies have also explicitly used the 
results of high pressure melting experiments on wet 
basalts (metamorphosed to garnet bearing lithologies, 
e.g., garnet amphibolite or eclogite) as proofs of slab 
melting. Together with high Sr/Y and La/Yb ratios, 
these experimental results may have given some inves-
tigators a false sense of confidence for a slab melting 
origin of these rocks. However, although the results 
indeed show that the product of such melting experi-
ments is adakitic in composition, such a geochemical 
characteristic does not affirm a particular tectonic set-
ting[92]. Thus, as noted earlier, without additional criti-
cal supporting data including radiogenic isotopes and 
detailed field and geophysical evidence, the adakitic 
rocks in many areas in China and even a number of 
those that were designated as adakites in e.g., southern 
Philippines and northern Andes[92] could have been eas-
ily considered as products of slab melting. 

Finally, although the slab melting mechanism cannot 
produce the adakitic rocks and even some of those that 
have been designated as adakites, there is no single al-
ternative model for their production. Nevertheless, 
these alternative models cannot be ignored because 
they are specifically designed to challenge the slab 
melting mechanism, and hence are usually based on 
more detailed field observations including tectonic 
considerations, integrated chemical and isotopic analy-
ses and rigorous geochemical modeling. Moreover, 
relative to adakite, adakitic rocks come from a larger 
array of possible sources. Although adakitic rocks pro-
duced by crystal fractionation and magma mixing 
mechanism can possibly occur only in amphibole bear-
ing lavas in periodically replenished magma chambers, 
those generated by melting of the lower crust poten-
tially can occur in a variety of tectonic settings (e.g., 
subduction zones, continental collision zones, exten-
sional environment); those produced by high pressure 
crystal fractionation of ponded mafic magmas possibly 
can occur in many more tectonic environments. This 
variety of tectonic settings is in marked contrast to the 
slab melting origin of adakite, which is theoretically 
restricted to current and paleo-subduction zones. In 
short, the possible volume of adakite produced by slab 
melting is lesser compared to the adakitic rocks pro-
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duced by other processes, and this implies that without 
the proposed steeper geothermal gradient in the Ar-
chean, slab melting is not the most effective mechanism 
to produce a large volume of TTG[2,70]. 

5  Summary 
Adakite is a relatively new petrologic term that was 

originally designed to refer to a group of silicic arc ig-
neous rocks primarily produced by direct melting of the 
basaltic portion of subducted/subducting oceanic crust. 
It is characterized mainly by a distinct set of chemistry, 
particularly its high Sr/Y and La/Yb ratios and low Y 
and Yb contents. It was also originally proposed to be 
mainly a direct product of melting of subducted young 
oceanic crust. Results of high-pressure melting experi-
ments on wet basalts as well as some field and minera-
logical data lend strong support to the possibility of 
slab melting. Experimental results, however, also sug-
gest that pristine slab melt most likely will not survive 
during transit through the peridotitic mantle wedge and 
hence, majority of adakites in modern arcs most likely 
consists of hybrid magmas or magmas produced by 
melting of the mantle wedge metasomatized by slab 
melt. In any case, slab melting most probably occurs in 
subduction zones and hence is an important source of 
the generic subduction component at the very least. 

Some confusion about adakite petrogenesis arises 
because the definition of adakite has evolved quite con-
siderably to include a number of arc rock types that 
traditionally have been considered to be largely coming 
from the mantle. Moreover, the chemical characteristics 
of slab melt, currently the only criterion for distin-
guishing adakite, are shared with many other arc or 
non-arc rock types that involve garnet and/or amphi-
bole as residual phases during their generation. De-
tailed studies show that these adakitic rocks and even 
previously identified slab melts in at least a few adakite 
localities could not have been generated by slab melt-
ing. Instead, these were produced by low pressure frac-
tional crystallization of amphibole-bearing basalts in-
side periodically replenished magma chambers, high 
pressure fractional crystallization or melting of meta-
morphosed basalts ponded in the lower crust and melt-
ing of the lower mafic crust. These alternative models 
are also consistent with the results of laboratory ex-
periments and are constrained by more detailed field 
observations, trace element modeling and are supported 
by radiogenic isotope data. Moreover, because some of 
these adakitic rocks are not necessarily restricted to 

subduction zone environments, these are potentially 
more volumetrically important than adakite. Thus, ig-
neous rocks with high Sr/Y and La/Yb ratios and low Y 
and Yb contents cannot be used as definitive indicators 
for slab melting. Caution is necessary. 
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