A re-examination of the typology of peraluminous granite

types in intracontinental orogenic belts
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ABSTRACT: Conventional rock classification diagrams do not distinguish the vanety of peralumi-
nous rock series. Moreover. peraluminous graniie fypes have nof been clearly discnminated in
recent sevisions. The study of several peraluminous series in different intracopunental orogenic beits
reveals that four distinct groups can be defined. Using an A-B diagram, these lour groups arc:
(1) highly peraluminous graniloids (hP) characterised by high A values and 1ypified by an increasc
in peraluminosity toward the moast mafic varietias; (2) moderately peraluminous granitoids (mP)
which occupy the intermediate field and generally show increasing peralusoinosity 1owards the most
felsic varieties; (3) low peraluminous granitoids (/P) which plot in the lowest par1 of the pcralumsnous
Gield defining negative slope trends: (4) highly fclsic peraluminous grapites (fP) with poorly defined
vafiation trends.

In intracontinentwal orogenic belts, 1he genesis of pcraluminous granitic serics is favourcd by the
abundance of fertile crustal protoliths, mainly meiapelites. metaigneous rocks and mctagrcywackes.
The difficulty of altaining tecmperatures in cxcess of 950°C at lower crusta) levels during (he
(ectonothermal evolution of thickened crusl. inhibits the parval meliing of more basic sources.
Although the physical paramcters of the melting process influence their chemical and mineralogical
charactenisties, source rock compaosition uliimately determincs the degree of pcraluminosity of the

granitic seres
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Conventiooal rock classification diagrams (e.g. TAS and
K,0-Si0, plots) do not distinguish 1he varety of peralumi-
nous cock stries and recourse 13 frequently made to the
peraluminosity index of Shand (1927). Also, recent alphabctic
classifications of granitoids (MISA classification) which are
more genetically biased do not avercome the simple dichotomy
belween peraluminous and metaluminous series. Rocks in
which the molecular propartion of Al,O, is higher than
CaO +Na,0 + K,0 arc termed peraluminous (Shand 1927).
Usually, but not nccessarily. they have normative corundum
and such characicristic modal phases as biolite, muscovite,
gamnct, cordierite and aJuauaium silicates. Mast felsic igneous
rocks are peraluminous (Dcbon & Le Forr (983), but generally
the Al,O, cxcess is duc (0 bialitc alonc (Miller 1985). 1gneous
rocks containing aluniinium phases athee thaa biotite. though
common and widespread. arc subordinale. The difference in
dcgree of peraluminosity in felsic igneous rocks has been
discusscd by scveral authoes (Debon & Le Fon 1983; Miller
1985) in order 10 establish difleren( peraluminous series and.
morc importantly, since the publication of the 1- and S-type
classificauon scheme of Chappell & Whute (1974}, to discuss
petrogenclic problems relsted to the ocigin and significance of
those igneous rocks with strongly peraluminous compositions.

Deboo & Lc Fon (1983) used a binary diagram with
3 peradJuminosily parameier A=Al—(K +Na+2Ca) and s
difflcrentiation ndex B=Fc+ Mg+ Ti and supgested crilecia
for achieving a rigorous chemica)-mincralogical definition of
aluminous associations, but withoul slating how many types
of pergluminous senes can be found.

Miller (1985) proposcd a classification of pesaluminous
graniles using the AFM dsagram in which he established o
main fields: sirongly peralnminous (Ps) and weakly peralumi-
nous (Pw) serics. each with different mineralogical characicr-

istics. This kind of classification diagram has the problem that
several igneous seres cross both 1the Ps and Pw fields as the
differentiation index increases,

Recently Barbacin (1996) madc a revision of the genesis of
peraluminous graniles in which the starting point was the
consideration thut the most significant volumes anc made up
of only two types produced by extensive anatexis of crusta)
rocks. However, we show below that from detailed study of
several orogenic segments it is poscible 10 recognise al least
four types of peraluminous granitoids. We also aticmpl to
show that the complex diveesity of falsic magmatism may be
bes( classified by the use of an A-B diagram.

1. Variety of peraluminous series

In order to establish the diversity of crustally derived
peraluminous scricy, granitic eamples from scveral arcas have
been selected and plotted on an A-B (Debon & Le Fort 1983)
diagrare (Fig ). First, peralurninous granitoids from the
Spanish Central Region have been plotted. as they have been
thoraughly studied from a mineralogical, isotopic and geo-
chemical point of view (Villaseca & Barbero 1994; Villasecs
er 4dl. 1998) and also because it is possible to distinguish the
four rypes of peraluminous granites that can be found in an
ocragenic segment (Fig 1a). On Figuce Ib, several scries from
the Lachlan Fold Belt in Australia are assembled. and on
Figure ic other granitic series (rom different orogenic scgments
are plorted for comparisan.

It is noticeable (hat, despite the fact that the four types of
granitic series defincd in the Spanish Central Region can be
found in olber orogenic sectory, pgranile rescarchers have
focused their attention on the simple peraluminous versus
metalumioous dichotomy (associated with the 1- and S-type
petrogenetic discussion). or have distinguished only two types
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Figure | A-B diagram (modified from Deboa & Lz Fort 1983) for diffeyemt granitic senies: (a) Cemiral Spain
Hercynian Beli: Ly (Layas granite. Barbera & Villasers 1992), MV. NM and AR (Mora-Venias, Las Novas dcl
Murqués and La Atalaya Real plucans, Villaccea o1 of. 199R). (b) Lachlan Fold Belt series: Co. St and Mo
{Cooma. Strathbogic and Mortuya serie, Chappell o1 al. 1991), Bu and Ji (Budenballong and Jindabyne, Hinc
et o 1978) and Da (Dalgety suile, White & al. 1977 Chappell 21 al. 1991). (c) Other granites: To {Tourco.
Hofiz & Barbey 1991), Ki (Kintman suite, Clark & Lions 1986), Ro (Royere, Stussi & Cuncy (993). Gu
(Guéret, Debon & Le Fort 1983). Auv (Moldanubian B 1-type suste, Liew ef o). 1989). Li (Limousia, Leper
et al. 1990), Hi (Himalayan leucogranites, Debon & Le Fon §983), Ts (Trois Scigncurs, Wickharo 1987), and
Vel (Velay, Williamson 1 al. (997). Fields are: hP (highly peraluminous), mP (moderutely peraluminovy), [P
(Jow peraluminous). fP (felsic peraluminous). Dotied line on figure IB is the I/S boundary hne.

ol peraluminous granites: peraluminous gronodiorites and
analcctic levcogranites (Lameyre t988). Barbann (1996) has
named (hese Lwo 1ypes CPGs (peraluminous cordicritc-bearing
Lonalites to monzogranites) and MPGs (pcraluminous two
mic8 mon20granites and leucogranitcs), respectively.

I.1. Highly peraluminous graniteids (5P)

In this field. granitic serdcs with a high degree of pcraluminosity
plot as defining a typical posilive trend. ie. increasing
peralunainosity 10wards (he most roafic varieties. This corres-
ponds to the typical S-type trend (White & Chappell 1988).
Nevertheless, only a few S-type suites or supersuites from the
Lachlan Fold Belt clearly plot in this ficld. particularly the
Cooma and Bullcnbalong suites from the Kosciusko batholith
(Hune er al. 1978 Cbappell et al. 1991) (Fig. Ib). In other
orogenic scciors, although roore scarce, such graniles are not
absent. Thus. in the Spanish Central Region, the Lavos restile-
rich grannowds plot in this AP field (Barbero & Villascca
1992). In other Hercynian sectors, the Trois Seigneurs granites
in the Pwrences (Wickham 1987), the Tourem cordienie-
bearing granites in northern Porwgal (Holx 1989), the Velay
analeclic granites (Williamson ef @l. 1997) and the most mafic
fackes of the Royére granite (Stussi & Cuney 1993), both in
the French Massif Central. are examples of this AP type
(Fig. tc). Far ifrom the Hercynian orogen. the Kinsman
intrusive suite of the eastern USA (Clark & Lyons 19R6) also
belongs (o this group (Fig. 1¢).

All these granilic suites are charactenised by the presence of
aluminous mineral phases other than biotite, which in severa)
cases can be the most abundant mafic pbace. Cordiente or
gamnet (almandine—pyrope series) are the most typical alumi-
nous phases but it is nol unusuval 16 6nd accessory sillirnanile.
[n general, two mica graniles sensu srricio are scarce as mosl

of the P granites are characteristic of high-T catazonal arcas,
equivalent ta regional migmatite terrains or regional aurcole
granites {Whitc & Chappcl 1988). Cordicrite (rom this (ype
of hP granite is (exturally and chemically different from that
of other peralumioous granites. reflecting its peritectic origin
in coalcast with the late magmatic origin af cardicritc in
higher level peraluminous granites (Williamson ei ol 1997).
Another remarkable characteristic of the hP type, especially
seen in the most peraluminous suites (rom catazonal areas
(Layos, Cooma, Tourem, Trois Seigneurs, Velay). is its greal
heterogencity and thc abundance of restitic enclaves.

1.2. Moderately peraluminous granitoids (mP)
These graaites occupy an intermediate field in the A-B
diagram generally showing negative slopc treads, i.c. increasing
peraluminosity lowards the more differentiated samples. Most
of the Australian moderalely peraluminous S-typcs plot in this
ficld (c.g. Dalgety suitc, White et al. 1977). The Strathbogic
suite (rom Central Vicloria slso plots m this field but with 2
positive slope, without ceaching ¢uch high A values as those
of the fiP type (Fig. 1b). Hercynian cordieritc-beating monzo-
granites (Hereynian S-type ufter Pitcher 1983), such as the
Margueride and Guéret plutons in the French Massil Central
(Decbon & Le Fort 1983) or Mora-Venlas and Hoyo de
Pinares plurons in the Spanish Central Region, are representa-
tive granitoids of (hus moderately peraluminous type (Fig. la
and c). This is the feld of peraluminous granodionics
(Lameyre 1988), also called CPG iypes (Borbann 1996).
Most of the granilecs which plot in (his feld arc biolile-
bearing varicties, generally with unother mineral phase more
aluminous than biotite as on accessory phase Cordierite is
Lhe most common accessory mineral, whilst in highly fraction-
ated types, muscovile may be dominant together with gamet



ol the almandinc—spessariinc scnes or olther low-temperaiure
AFM minerals such as andalusinc or iourmaline. Micro-
granular enclaves are coospicuous in these graniles, vsually
being less than 1% of the area of oulicrop.

1.3. Low pcraluminous gravitoids (/P)

The lowesl parl of thc pcraluminous field is occupied by the
low peraluminosity series and by the mosi cvolved temns of
those scrics which evolve from metaluminous (o slightly
peraluminous compositions. in cither case defining negalive
slope trends in the A~B diagram (Fig 1). I'clsic 1-1ypes from
the Lachan Fold Bclt such as the Moruys and Jindabyne
supersuiles (Hine er al. 1978; Chappell er ol 199)). together
with several dificrentialed calc-alkaline suites {for example (he
Quéngul in France and Mont Givens in California, as refcrred
10 by Deban & Le Fort 1983). plot witbin this {P ficld. In the
Heceynian area from Central Spain, scveral plutons with
characcenslic accessory amphibolc ang altanite 1n the less
cvolved granodiorite facies plot in this narrow ficld of low
peraluminous granites (see for example La Atalaya Real, La
Cabreca and Las Navas dcl Marqués plutons, Fig. fa). Some
traasitianal [-types of the Moldaunuthaa Batholith

(Licw es @l. 1989) and some Caledonian 1-tvpes { Pitcher 1983)
are among granitcs that plot in this JP feld. Tt is noticcablk
thal the more cvolved facies of this type of series can be
markedly more peraluminous thaa (he rest of the seres and
thus they sometimes bear aluminium-rich minerals (see. for
cxample the garmet peraluminous l-lypes and garnet—andalos-
jite )-types (rom the Namungo felsic pluton, Chappell et ol.
1991, or the garnet—ordienie leucocraiic (acics of La Cabrera
1-type pluton. Villaseca & Barbero 1994).

Mincra) chemisiry of AFM phases common 10 the mP and
1P praniles is a powcerful 100) for distinguishing both types af
granites, espacially
as cordicrite, garner or aluminjum silicate io the m P 1ypes, or
amphibole (or allanite) in the /P Lypes are nol present in a
particular varicty. Biotites of IP type have characteristically
lower peraliyninosity with respect 1o those of the mP 1ypes
the lateer plotting within the alumino-potassic ficld in the Mg
versus total Al diagram (fig. 2 (rorm Nachil et al. 1985).

When cordierite appears in both mP and (P 1ypes, it usvally
has textures and compaosilions which indicate a magmatic
origin, aad which are quite different (rom (hose of the hP
types. Those cordierites from P differemiated 1ypes (La
Cabrera ptuton in the Spanish Central Region) have lower
A),O, and alkali contents, especially Na, than cordierites from
the mP types with similar Xp, composition (Villaseca &
Barbero 1994). As in the mP types, mafic microgranular
enclaves ace widespread.

1.4. Highly felsic peraluminous granitoids (fP)
In this segion of the A-B diagram, all the above-described
peraluminous series converge, Several granitic and volcanic
senes (sce, for cxample. (he Macusani rhyolites. Pichavant
el al. 1988) are exclusively compased of very acidic membcrs
and thus project within the [P type field, generally not showing
a lypical vanalion {rend. Nevertheless, some tead to shaw
veriical (rends and correspond (o the traditionally termed
anatectic Jewocograniles (Lameyre 1988) or MPG  types
(Barbarin 1996). The mosl representative of this /P type are
the Himalayan-type Jencograniies (Le For et al 1987), and
also the Limousin leueogsamies in (he European Hercynides
of France (Leger er al. 1990) and some of tbe Cervatos
onatcctie lencogranites in the Spanish Central Region (Darbero
& Villaseca 1992).

Both the pauvaty of mafic minerals in these highly felsic
types and Lheir emplacement Jevel influence the petrographic

charactenstics of these rocks. Thus, the parautochthonous
leucogranites. poorly segregatcd (rom (beir source region. can
present a high-temperaturc mincral pacageoesis with typical
Mg-cordierite, almaodine-pyrope garnet or sillimanite. This
kind of high-tcmpecature mineral paragenesis is found in most
of the P types from anatectic areas. Op the other hand. in
Ibe more allochthonous epizonal leucogranites (Himalaya or
Limousin), (he AFM mincral parageneses are of lower
temperature and pressure, and minerals tend 1o shaw aplopeg-
ypanlic lextures and also higher volatile contents, Lypically
being represented by 1wo mica and tourmaline-beacing
granitoids.

2. Discussion

2.1. Rclationship with other classification scbemes

On Figure 1b an 1/S boundary line has been drawn vsiog 1he
data of 1- and S-types from the Lachlan Fold Belt where thss
nomenclalure onginated. I can be observed that this 1/S line
coinades with the boundary linc between mP and /P (ypes
proposed In this work. Both lines show a negative slope in 1he
diagram and do not coincide with the peraluminous—metalum-
nous division. There is not an absolule limil in peraluminosity
dividiog tbe felds of mP and /P types and the boundsry is a
function of the degrec of diffcrenniation of the granite, as
stated by Chappell & White (1992). Thc good discrimination
of this mP-1P line between acecssory cordwerite-beariog and
amphibole-bearing granitcs reinforees 1bis division.

The petrogeneiic connotation of the [-S terminology
has made its adoplion in other orogenic belts debatable,
Furthecmore. although there is. as noted above. a strong
similarity between the compaositions of the Lachlan Fold Belt
8nd the Buropenn Hercynian Belt granitic senes. the volumes
of the several granitic series found in each arogen are different
(Fig. 2). In 1he Lachlan Fold Beli, the hP (ypes constitute
around onc-ihird of the cxposed granites (the Bullenballong
suite alonc has 11,200 km?, Chappell er of. 1991) and were
eroploced al epizooal levels (soroctimes even with assactated
voleanic rocks) in contrast (0 the less than 5% of ItP (ypes in
the Europcan Hefcynides, where they are (ypically catazonal
plutons rclated to migmatilic areas. In further contrast, in tbe
European Hercynian Beli, the most abundanl (ypes fall in the
mP and /P fields, some of them close 1o the boundarsy belween
the [-types and S-types from the Lachlan Fold Belt. This has
led to the classificanion of some European Hercynian granites
as @ (ransiionn! sencs (Liew ef al. [585).

Apart [rom intracontinental orogenic zones. where peralumi-
oous graniles are really dominan, graninhc batholiths also
appear above subduclion zones al continental margns.
Ncvertheless, in subduction settings peraluminous series are
very scarce, although some peraluminous granites can be
geoecated as a result of differentiarion from calc-alkaline series
composed ovainly of gabbros 10 granodiorites. The projection
of the continental margin cale-alkaline batholiths in the A-B
diagram would show that the majority of the data plot in the
oetaluroynous field, with the most acid vaneties plolting in
the /P field (see examples in Deboan & Le Fort 1983). This is
a consequence of the bigher abundanece of intermediate rocks
in the conlimentsl piate margin orogens (Fig 2). Coatrasts in
the abundance of petrographic types between different orogenic
batholiths have led Lo the difliculty of recanciting the different
nomecenciatures. Several attempts to reconcke these diffcrent
normcnclatures have been made, as (or example the distinction
of Piuicher (1983) between Cordilleran [-types, equivalent
lo tbc calc-alkahine suttes from caontineatal margins, sund

when ¢
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Figure 2 Comparison of relative volumes of gabbro-quanadiacite, 1onalites, granodiorites and graniics beiween
aclive continental marging and ntraconlinental ocegenic batholiths. Eslimaces are based on geological maps
and petrograpbic description of the baiboliths (1. 3, 4, 5). other relstive volumes are detailed by 1he avihors
2. 6, 7. 8). 1 =New SBritain lsland arc (Whalea [985). 2= Pcruvian Coastal Batholith (Pitcher et al. 1985).
J=Sierra Nevada Batholith (Bateman ef al. 196J). 4 = Cordillesa Bilanca Batholith (Pciford & Atherion )896).
5= Bega Batholith, Lachlan Fold Belt (Chappell s al. 1991). §=Central Spaio Hercynian Beli (Villoseca e al.
1998). 7 Higher Himalaya (L¢ Forl er al. 1987). 8= Averaged upper continenlal crusi {Wedepohl 1991).
Tooalites are the most abundant rock lype in coastal baiholiths (Pitcher et al, 1985; Barker & Arth 1990) bul
granodioritcs dominatc in inbonrd batholiths of active contiacnral morgins (Boteman ¢ al. 1963; Salecby ¢t al.
1990). Cordillera Blanca Batbolith lics inboasd of the Pecruvian Coastal Batbolitb, direcily ovec the massively
thickened Andean conlinental crust (Petford & Albertan 1996), 1n tcansition (o0 intracontincatal

line separates felsic (265% in volume of lclsic minerals) from more mafic rocks.

Calcdonian 1-types, more Lypical of intracontiaerial zoncs,
which usvally plot in the /P field of Figure (.

2.2 Protolith type and the arigin of peralumioous series

It has become progressively sppareat tha: the main mechanism
for generating impoctant volumes of aad peratuminous
gramitoids is via melting of crustal rocks. including basic
mantle-derived protoliths (i.e. Miller 1985; Petford & Athertoo
1996). In continental crustal settings, the three main protoliths
which can produce important volumes of acid peraluminous
magmas include melasediments  (metapeliles), quanz-
fe)dspathic melasgneous rocks (greywackes and orlhogneisses)
and basic melzgigneous (amphibolites). On Figure 3 different
compositional fields for these protoliths and the compositional
paths of severa) melting experiments have been represeated.
When melitng occurs 8t low melt fractions, it is possiblc for
the composition of the melts to plot in the fP field irrespective
of the nature of the source protolith. Even melaluminous
metaigneous rocks such as reportcd by Concad et al. (1988)
and Beard ec al. (1993) and amphibolites as reporicd by Bllis
& Thompson (1986). Bcard & Lofgren (1991). Patido Douce
& Beard (1995) and Springer & Seck (1997), arc able Lo
produce peraluminous felsic melis at low melting f{raclions
and in water-deficient condinons. In genera), all the melts
produced at Jow wmeling fractions ate iadistinguishable,
although it js possible 10 obscrve a lendency of pelite~derived
mclta to plot on the upper port of the fP fiald (Fig 3).
Anateclic granitic series sensu stricto bave few apporunitics
to become mare differentiated by crystal fractionation and
usually do not define clear paths in the fP field. On the other

hand, as stated esrlier, /P granites could be highly [ractionated
magmas of the mP or /P serics instead of primary anatectic
leucogranstes. So, the assumption that 1wo mica leucogranites
form a different magmatic suitc should be carefully studied in
each panicular case, as the mP and /P peraluminous granitoid
types could grade ioto highly felsic peralominous leacograniies
(Barbarin 1996).

As the meliing {raction increases, primary components of
the protolith become progressively incorporsted into (he mell
and thus, ir the peraluminous graniuc scries, (he more mafic
rocks of thc suite betler image their source (Chappell &
White (992).

When pelitic prototiths arc melicd. the compositiona) paths
of the resultant scnes mainly correspond 1o sestite unmixing
lincs aod plot insidc the hP fAcld (see Cooma, Layos or
Kinsman scries). fo fact, when 3 large amount of reslite is
retained in the erysial-liquid musb, (he resultant composition
could be similar to (hat of the pclitic sourec (Fig. ).
Necveriheless, some P types do nol aecessarily involve melting
ol a pehtic protolith. Experimental data from Holiz &
Johannes (1991) demonstrated (hat particulur melaigneous
protoliths (i.e. peraluminous otthogneisses) could also gencrate
scries which plot in the lower part of the /iP ficld. In facy, the
Tourem granites in nonthern Porlugal have beco interpreted
in this way (Holtlz & Barbey 1991). The possibility of
generaling AP types from felsic melaigneous sources has been
used 3as an argumcni against the equivalence of strongly
peraluminous granite and S-type {metasedimeniary derived)
granite (Miller 198S; Clemens & Wall 1981). Metasedimentary
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Figure 1 A-B diagram showing ihe peojoction of sevecd crusl
proiodiths snd Whe corresponding cxperitocntal @meling data; squanres:
pelitc-denved melis {Wickham 1982, Viekeu & Holloway 1988:
Pavido Douce & Johnslea 1991); slars acd mctaigneous: and
greywacke-denived melis (Hohiz & Jahannes 1991. Conrad er of. 1988:
Beard et ol 1993 Patino Douee & Beard 1995, 1996: Gardicn et ol
1995): ciiches: meiabaste-denved melis (Ellis & Thompson 1986: Beard
& Lofgren 1991 Wall & Wyllic {994). Filled symbols rcprescul low
melt {rachion {< 20% mcliing] nsulis. Douted Yines represent progres-
wve melting (raction for differeat cxpenments: P-J & HQ-36 pelite from
Patito Douce & lohnston (1991): V-H mpelile from Viclzeol &
Hollowuy ((988): C-N-W(a)=peraluminous greywacke from Conrad
et ol (1988): C-N-W(b)=mecialwminous dacite from Conrud vt ol.
(1988). B-L mamphibolite samplc 466 (roon Beard & Lolgren (1991),
Otbcr fedds s i Figuee 1.

and/or stcongly peraluminous metaigoeous protoliths are both
sources for hP typc granites.

Here another question arises: Is it possible 1o gencrate a hP
Llype via exhaustive (ractionation of any other liquid? Stussi &
Cuney (1993) considered this possibility for tbe plutonic
complex of La Réyere (French Massif Central). Theoreticaly.
fractionation of peraluminous roinerals could produce an hP
tcend. The main problem with Lhis hypothesis is 1hat
cryslallsstion of the majority of the peraluminous AFM
phascs in granitic melts (garnet. cordierite, muscovite. alu-
minjum silicates) is produced at late stages close 1o the solidus
conditions of the magma, as cvidenced from peirographic
studics {Villascca & Barbero 1994) as well as from experimental
da1a (Clemens & Wall 1981; Shimura er al. 1992). This makes
very wnlikely the separavion of peraluminous minerals in a
magmaiic sysicm. which is highly viscous when i1 is close 10
being fully crysia)liscd.

In genesal, mP and [P 1ypes could be gencraicd from any
kind of crustal protolith. as deduced from Figure 3, or even
by mixtures of them (Patifio Douce & Beard 1995; McCariby
& Paliio Doucc 1997). Parual meluing of several kinds of
mciaigneous rocks under vanablc waler conditions could
generate mP 1ype peralumimous gragogioritic magmas (Conrad
et ol. 1988: Beand & Lofgren 1991). In addition. expeaments
demonsiraic vhay peraluminous liquids can be produced by
dchydration melung of somc melzluminous amphibolites
undcr lower crusia) condilions (Beard & Lofgren (991 Woll
& Willey 1994; Pa1ido Douce & Beard (995; Springer & Seck
1997). Nevcriheless, it seems that only metabasic pratoliths
could generaic macizluminous intermcdiate racks of the P
suifcs. As expcerimen(ally demonstraled by Beard & Lofgren
(1991). 30% mcliag of an amphibolitic protolith under water-

undcrsaturaicd conditions would produce a 10natitic mell with
values of Ihe A nnd B paramcicrs of —36 and 181 respeciively.
which are very close to the orignal composilion of the
parcnta) magmas of severs) of the /P sens represenied in
Figure 1 |Fig 3). Nonc of the peraluminous crustal pratoliths
{pelites. greywuckes or acid metaigneous rocks) could generalte
such a parenial mehs for 1P Lypes

Mcchanisms ot her than pure crustal melting could generate
peraluminous magmas, as stated in the reviews of Miller
(1985) or Barbarin (1996), but it secms unlikcly tbai they
could generaie large batholiths of peraluminous felsic granites.
) is rcasonable (o assume thul the physical parametcrs of the
pariia) meling process influence the minecal paragenesis and
the composition of the mel, but neveaheless it i the
composition of the source cock which ultimately determines
1o which pcraluminous granitc type the series will belong.

2.3. The rolc of the tectonic setting in the partial meltiog
process

Assignment ol dificrent peraluminous granile Lypes 10 speeific
(oclonic settings as somc rescarchers suggest, emphasising the
prevailing role of the physical parameiers of partial melnng
over the nature of Lhe sources on their genesis { Pitcher 1983;
Barbarin 1996), has to take into account the common presence
of different coeval peraluminous granitoids in some ntraconti-
ncntal orogenic bells as exemplified by European Hercynian
scgmenls Jike thc Spanish Central Region. As previously
slated, the main factors controlling the 1ypology of peralumi-
nous granitic serics arc the nature of the sovrce rock and the
physical paramcicrs of the meliiog process Both facloss vary
depending on the 1cctonic sciting in which 1he granites arc
generated. This is the foundanon for the 1&c1anic-hased
classification schemes made by several avihors as Pjicher
(1983), Maniar & Piccoli (1989) and Rogers & Greenberg
(1990), among others

In active confinental margns, basic protoliths are morc
abundant in companson 10 Juner continental crustal segments.
This 15 the result of the accumulation of basic rock due 1o
underplating of basic matcrials a( 1he base of the crust or 1o
aceretion of the subducicd oceanic slab. The origin of the
Cordilleran batholiths is usually explained 8s & 1wo-siage
modcl. in which the first siage is vhe creation of a2 mafic crusial
uwnderplsted layer followed by 2 second stage of extensive
Jower crustal melyng (Pitcher 1993; Pedord & Atherton 1996).
The presence of smponant volwmes of basic protoliths al
conuinenta) marsgins implics that the amoun! of peraluminous
melis generaled musl be of minoc imponance.

The mose feisic nature of the continental ceust iovolved in
iniraconunenial collistonal orogens. being mainly composed
of pelites. greywackes and acid-intérmediate macta-igneous
layers. implies a higher ferity for producing peraluminous
melis via dchydration melliog reactions. For instance. exper-
imental results show that at around 950°C at the Moho. a
peliic protolith could produce as wmuch as $0-60% of
peealuminous mell, and a metagreywacke or meclaconalilic
gneiss could produce around 20-35% of mell. Under the same
conditions. metabasic prololiths could only produce around
10% of geanitic melt (sce fig. | tn Gardien er al. 1995).

Teclonathermal models for crustal thickening indicate that
al the base of the crust the temperatures reached arc not
usoally highee than 950°C. which makes the melting of a basic
pratalith. if present, dificult {Thompson & Connolly 1995).
The production of greater volumes and a complexity of
peraluminous granilc senes is eohanced in such a tectonic
satting.
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