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The South-west Granite Complex of Jersey comprises four main facies of granite, namely Coarse Granite, Porphyritic Granite, Porphyritic 
Microgranite and Microgranite. The granites exhibit numerous microtextures characteristic of crystal-melt disequilibrium including rapakivi 
and cellular feldspars, ocelli, intergrowths, overgrowths, re-entrants, embayments, rapid growth textures and growth zone truncations 
involving several phases as well as modal and textural heterogenity on the centimetric scale. These features are interpreted as forming 
through open system behaviour involving mixing between coexisting grantoid magmas. While lobate and gradational boundries between 
units suggests that they were contemporaneous, undergoing limited mingling and mixing along contacts following emplacement, the internal 
coherence to each unit indicates their emplacement as separate batches. However, the presence of enclaves of one facies within another and 
the relatively homogeneous distribution of mineral phases exhibiting disequilibrium textures points to a more widespread mixing event prior 
to emplacement at currently exposed levels. Considering the field and petrographic evidence, which we interpret to show contemporaneity of 
the facies within the South-west Granite Complex, previous age data for these rocks should be viewed with caution. 

J.W. Pembroke and R.S. D'Lemos, Geology and Cartography Division, 
Oxford Brookes University, Oxford OX3 OBP. 

INTRODUCTION 

Some models for the emplacement of granite magmas suggest 
that the granite which occupies a pluton may have assembled from a 
number of individual batches, rather than as an already constructed 
diapir (Pitcher, 1993 and references therein). Plutons, such as the 
South-west Granite Complex of Jersey, which comprises at least 
three texturally distinct facies, may provide insights into this 
process. This paper presents field and petrographic features from the 
various facies of the complex, which are indicative of widespread 
crystal-melt disequilibrium crystallisation processes. These 
conditions are interpreted as resulting from magma mixing. 
However, contact evidence between the different facies, although 
indicative of the coexistence of magmas, apparently precludes 
widespread mixing at the current level of exposure. These features 
are therefore explained as resulting from mixing and hybridisation 
of granite magmas at depth and subsequent emplacement as batches 
of already mixed magma into an evolving pluton. 

THE GEOLOGY OF JERSEY 

Jersey is the largest of the Channel Islands, measuring 16 km by 
12 km, and is situated approximately 30 km from the Normandy 
coast. The island comprises three igneous complexes intruded into 
Neoproterozoic Brioverian metasedimentary and volcanic rocks 
(Figure 1) during the Cadomian Orogeny (Bishop and Keen, 1982, 
D'Lemos et al, 1992). The South-west and Northwest complexes 
essentially comprise granites, although the latter is significantly 
more mafic and predominantly consists of granodiorite (Bland, 
1985; Salmon, 1987). Both complexes become finer-grained toward 
the centre and display a broad annular structure (Figure 1). The 
South-east Igneous Complex comprises a layered sequence of 
gabbros and diorites intruded by granites. 

 
 

THE SOUTH-WEST GRANITE COMPLEX 

The South-west Granite Complex (Figure 1) extends from St. 
Ouen's Bay in the west to St. Aubin's in the east, covering an area of 
8km2 (Bland, 1984). The complex is intruded into the Jersey Shale 
Formation (Helm, 1983) which forms part of the Brioverian 
succession. Localised development of cordierite occurs adjacent to 
the intrusion (Bland, 1984). The South-west Granite Complex 
comprises four main facies: the outer Coarse Granite which forms 
most of the area of outcrop and is the only one of the four in contact 
with the country-rock; the fine-grained, variably-textured 
Microgranite which forms several isolated outcrops towards the 
centre of the complex; the heterogeneous Porphyritic Microgranite 
developed at the margins of the Microgranite and The heteroge-
neous Porphyritic Granite which crops out between the Coarse 
Granite and the Porphyritic Microgranite. The four facies are well 
exposed in the coastal areas of Bouilly Port (Figure 2a) and La Cotte 
de St. Brelade (Figure 2b). Bland (1985) obtained the following 
Rb/Sr whole rock isochron ages for the components of the complex: 
Porphyritic Granite 550Ma ± 12Ma, Microgranite (including 
Porphyritic Microgranite) 527Ma ± 7Ma and Coarse Granite 483Ma 
± 13Ma. 

Coarse Granite 

Approximately 75% of the South-west Complex consists of the 
Coarse Granite which makes up the outermost zone. It is mainly an 
equigranular, reddish-weathering, leucocratic rock consisting of 30-
45% perthitic alkali feldspar, 25-35% quartz, 15-30% oligoclase, 3-
5% biotite, 0-3% hornblende and minor amounts of chlorite, zircon, 
epidote, apatite, ilmenite, allanite, titanite, muscovite and rare 
andalusite. The average grain size is approximately 4 mm, although 
crystals greater than 15 mm across are not uncommon. 
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Figure 1: Simplified geological map of Jersey showing annular structure with the three facies of the Southwest Granite Complex. 

Porphyritic Granite 

Porphyritic Granite, which lies between the coarse granite and 
the Microgranite, is exposed at Bouilly Port (Figure 2a) and La 
Cotte de St. Brelade (Figure 2b) on the west and east sides of St. 
Brelade's Bay respectively (Figure 1). It is brownish-weathering and 
has a well developed porphyritic texture comprising megacrysts of 
alkali feldspar, plagioclase and quartz, measuring up to 20 mm 
across, set in a groundmass with an average grain size of 1 to 2 mm. 
Megacryst abundance varies from around 80% at the contact with 
the Coarse Granite to 30% adjacent to the Microgranite. The modal 
composition of the Porphyritic Granite varies greatly. It commonly 
contains 25-45% perthitic alkali feldspar, 20-35% oligoclase, 30-
40% quartz, 5-10% biotite, 0-2% ilmenite and minor amounts of 
chlorite, hornblende, allanite, epidote, zircon, titanite and apatite,  

 

although locally mafic constituents, including biotite and 
hornblende, may comprise up to 30% of the rock. Hornblende is 
commonly altered to biotite and chlorite. Rounded enclaves of 
Coarse Granite, up to 20cm in diameter, occur occasionally in the 
Porphyritic Granite. 

Microgranite 
The Microgranite is exposed at Bouilly Port and to the south of 

La Cotte de St. Brelade, where it also occurs as veins and small pod-
like intrusions within the Porphyritic and Coarse Granites. It has a 
low mafic content (less than 1%) and an average grain size of less 
than 1 mm. The Microgranite is a red-weathering, equigranular rock  
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Figure 2a: Geological map of the Southwest Granite Complex at Bouilly Port, West St. Brelade's Bay. 
Figure 2b: Geological map of the Southwest Granite Complex at La Cotte de St. Brelade, East St. Brelade's Bay. 

comprising 30-45% quartz, 30-45% perthitic alkali feldspar, 20-30% 
oligoclase and minor amounts of biotite and ilmenite. Chlorite, zircon, 
apatite, flourite and muscovite occur in minor amounts. Most crystals 
are anhedral and a micrographic texture is commonly developed in the 
groundmass. 

Porphyrit ic  Microgranite  

Commonly, a 3 to 8 m wide Porphyritic Microgranite zone is well 
developed at the margins of the Microgranite (Figure 2a) comprising 
plagioclase and alkali feldspars megacrysts measuring up to 15mm in 
length and quartz phenocrysts of up to 8 mm in diameter. Megacrysts 
decrease in abundance toward the Microgranite from 30% at the 
contact with the Porphyritic Granite to <2% adjacent to the 
Microgranite. Size and diversity of megacrysts in the Porphyritic 
Microgranite also decreases toward the Microgranite. At Bouilly Port, 
three overlapping porphyritic subzones were documented in this facies 
(Table 1). 

The Porphyritic Microgranite also exhibits a decrease in mafic 
constituents away from the contact with the Porphyritic Granite from 
as much as 10% to <1% in the Microgranite. Enclaves of Porphyritic 
Granite are common in the Porphyritic Microgranite. These are 
rounded to subrounded in shape and measure between 10 and 50 cm 
in diameter. 

CONTACT RELATIONSHIPS 

A disused quarry at La Cotte de St. Brelade (Figure 2b) allows 
detailed examination of the contact between the Coarse Granite and 
Porphyritic Granite. This contact is generally gradational over 
distances ranging from 0.5 m to 3 m although at one point it is 
gradational for only 10 cm. This contact dips steeply at approximately 
70° North-east striking South-east. There is a marked decrease in 
groundmass size from 6 mm in the Coarse Granite to 1 mm in the 
Porphyritic Granite across the contact. Phenocrysts in the Porphyritic 
Granite measure between 4 mm and 20 mm at this locality and 
transgress the contact. 

An isolated outcrop at the northern end of Bouilly Port (Figure 2a) 
demonstrates the diffuse nature of the Porphyritic Granite/ Coarse 
Granite contact where dark grey Porphyritic Granite grades into light 
pink Coarse Granite over a distance of 3 m. 

The contact between Porphyritic Granite and Porphyritic 
Microgranite is characterised by an abrupt change from brown-
weathering Porphyritic Granite to red-weathering Porphyritic 
Microgranite. It is generally sharp and lobate with lobes of either 
facies interdigitating with one another. This contact is mesoscopically 
diffuse in places with phenocrysts from both facies transgressing the 
boundary giving rise to a minor gradational zone of between 10 to 20 
cm in width. At Bouilly Port (Figure 2a) a narrow, 5m wide zone of 
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Figure 3: Photomicrographs illustrating textures formed due to crystal-melt disequilibrium from the Southwest Granite Complex of Jersey. These 
textures are interpreted as resulting from magma mixing. a) Rapakivi feldspar in Porphyritic Granite (xpl, long axis = 6 cm). b) 'Thumbprint style' 
cellular feldspar in Porphyritic Granite. The skeletal core has a vermicular morphology. The interstices are infilled by alkali feldspar and quartz 
(xpl, long axis=15 mm). c) Cellular feldspar in Porphyritic Granite involving an heterogeneous, rounded and skeletal core is intergrown by more 
calcic plagioclase (sericitised), contained within a calcic 'spike' zone (sericitised) and overgrown by unaltered alkali feldspar (xpl, long axis=7 mm). 
d) Quartz phenocryst in the Porphyritic Microgranite exhibiting embayments and channels with a partial graphic overgrowth (xpl, long axis= 7 mm). 
e) Graphic quartz intergrowth in alkali feldspar in Porphyritic Microgranite. Graphic quartz radiates from an internal growth surface and is 
contained within a euhedral rim of alkali feldspar (xpl, long axis= 7 mm). f) Quartz/amphibole ocelli in the Porphyritic Granite. Amphiboles form a 
complete mantle on the rounded quartz phenocryst and are less altered than those in the surrounding granite. Note the presence of unmantled quartz 
phenocrysts in association with quartz ocelli (ppl, long axis=3 cm). g) Contrasting feldspar textures in the Porphyritic Granite. Varieties include 
anhedral and euhedral morphologies, rapakivi and unmantled alkali feldspars, spike zones (small, rounded rapakivi feldspar), quartz zones (euhedral 
alkali feldspar, top right quadrant) and broad compositional zones, possibly Ba, in alkali feldspar (bottom right quadrant) (xpl, Long axis = 5 cm). h) 
Heterogeneous distribution of mafic minerals in the Coarse Granite. Mafic minerals concentrate in the upper field of view and clustering occurs in 
the lefthand half of the micrograph. Note the ocelli and finer grained mafic cluster in the top left quadrant (ppl, long axis = 5 cm). 
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Zone Distance from Phenocryst Phenocryst 
 Porphyritic Granite types diameter 
    
Zone 1 0 to 2 m Qtz+kfs+plg 10-15mm 
Zone 2  2 to 5 m Qtz+kfs 8-10mm 
Zone 3  5 to 8 m Qtz 5-8mm 

Table 1. Megacryst subzones in Porphyritic Microgranite 

abundant Porphyritic Granite enclaves occurs within the Porphyritic 
Microgranite close to the contact with the Porphyritic Granite. 

The Porphyritic Microgranite/Microgranite contact varies from 
sharp yet irregular to gradational and is characterised by a abrupt or 
gradual reduction in phenocrysts. Quartz is commonly the sole 
phenocryst phase in the Porphyritic Microgranite when in close 
proximity to the Microgranite (Table 1). 

PETROGRAPHY OF THE SOUTH-WEST JERSEY 
GRANITE COMPLEX 

Textural diversity is a key feature of the granites within the 
complex. Average grain sizes vary greatly ranging from <0.5 mm in 
the Microgranite to 8 mm in the Coarse Granite. The Coarse Granite 
has a predominant equigranular appearance, whilst a porphyritic 
texture is developed to variable degrees in both the Porphyritic 
Granite and Porphyritic Microgranite. Megacryst species include 
alkali feldspar, plagioclase and quartz, all of which occur together in 
the Porphyritic Granite and Porphyritic Microgranite. Morphologies 
of megacrysts vary from anhedral to euhedral and adjacent crystals 
often exhibit extreme textural variation. We believe that the 
majority of the textures demonstrate crystallisation in association 
with magma, often under disequilibrium conditions, and therefore 
provide convincing evidence that the megacrysts are phenocrysts 
and not porphyroblasts recrystallised in the solid state. Here we 
present textural features from the various granite lithologies. A 
detailed account of mineral geochemical features is in preparation. 

FELDSPAR TEXTURES 

Rapakivi 

Rapakivi texture (Figure 3a) involves the mantling of alkali 
feldspar by plagioclase and commonly occurs in the Porphyritic and 
Coarse Granites. Diverse morphological variations of this texture 
include rounded core with rounded rim, rounded core with euhedral 
rim, euhedral core with euhedral rim and anhedral to euhedral cores 
with incomplete rims. Mantle morphologies range from 
homogeneous to skeletal and vary between 0.5 mm and 3 mm in 
width. Cores typically display some embayment or channelling 
which is infilled by the mantling plagioclase. Rounding of cores is 
interpreted as a product of resorption, whilst skeletal plagioclase 
mantles result from quench growth (Hibbard, 1981). More sodic 
plagioclase compositions infilling the interstices of the skeletal 
mantle structure represent the postdisequilibrium growth phase. 

Cellular feldspar 

Cellular feldspar texture (Figure 3b/c) involves a framework-
style core of plagioclase intergrown with and overgrown by feldspar 
of a more sodic composition. This texture is common in the 
Porphyritic Granite and two distinct types occur. Chequer-board-
style cellular feldspars involve a calcic core, invariably sericitised, 
with regular square or rectangular cells usually infilled by 
increasingly more sodic plagioclase. Thumbprint-style' cores 
(Figure 3b) involve an irregular arrangement of interconnected, 
vermicular calcic plagioclase overgrown and intergrown by more 
 

sodic plagioclase, alkali feldspar and occasional quartz. The 
intergrowths and overgrowths are usually of the same composition 
and are thought to be contemporaneous. The overgrowths are 
normally zoned as a result of post-disequilibrium fractionated 
growth of plagioclase from the cellular core outwards (Hibbard, 
1981). Individual cells are reversely zoned due to initial post--
disequilibrium nucleation of plagioclase at the cell walls, with 
subsequent inward growth toward the cell centre. Quartz may infill 
any remaining interstices within the cells. Lofgren (1974) showed 
experimentally that quench-grown feldspars will have a skeletal 
morphology, which is supported by the observations of Hibbard 
(1981). The reverse zoning patterns of cells and rims rules out an 
exsolution origin which would have the opposite zoning patterns 
(Dempster et al., 1994). The alternative model of Bussy (1990) 
proposes the partial dissolution of sodic plagioclase, with later 
infilling of dissolution channels and overgrowth by relatively more 
calcic plagioclase. Both the above hypotheses can occur 
simultaneously in a magma mixed system as preexisting feldspars in 
a more felsic magma will be subject to resorption whilst growth of 
plagioclase in the more mafic magma will be accelerated by 
undercooling. 

Calcic 'spike' zones in plagioclase 

Plagioclase displaying one or more sericitised zones of an 
originally high calcic composition are common in Porphyritic 
Granite (Figure 3c). Up to eight calcic zones, termed 'spike' zones 
by Hibbard (1981), may occur in small plagioclase grains measuring 
<1 mm in width. Inner zones are often truncated against outer zones 
or may define shallow or deep embayments which suggests variable 
degrees of rasorption during crystal growth. Alternatively, they may 
be parallel with no zone intersections indicating a rasorbtion-free 
growth history. Variations in zone patterns within a single crystal 
therefore reflect changes in crystal morphology during growth. This 
feature is consequently a useful tool when attempting to interpret the 
growth history of plagioclase. Spike zones invariably coincide with 
fine, rhythmic, oscillatory zoning and it therefore appears that 
plagioclase grains which exhibit this texture have been subjected to 
two processes during growth. Firstly, the rhythmic oscillatory 
zoning results from diffusion and supersaturation involving subtle 
compositional fluctuations in the boundary layer (eg. Sibley et al., 
1976; Allègre et al. 1981). Secondly, an episodic yet more 
significant process responsible for the randomly occurring high 
calcic zones which represent greater fluctuations in Ca at the 
crystal-melt interface. A more widespread magmatic process 
involving a marked change in temperature and/or melt chemistry is 
a more likely explanation for the origin of this texture. 

Zonally arranged inclusion trails in feldspar 

One or more zones of inclusions commonly occur in alkali 
feldspar phenocrysts of the Coarse and Porphyritic Granite. These 
are frequently monomineralic, comprising plagioclase, hornblende 
or quartz (graphic or granular). Lath-shaped crystals such as 
plagioclase or hornblende are generally arranged with long axes 
parallel to growth planes in the feldspar. Several inclusion trails 
involving one mineral commonly occur. For example, a feldspar 
may exhibit as many as four zones comprising only hornblende. 
Contrasting inclusion trails are also observed involving inner zones 
of hornblende or plagioclase with an outer zone of quartz. Feldspars 
exhibiting contrasting inclusion trails commonly occur in close 
proximity in the Porphyritic Granite. Plagioclase inclusions 
generally show concentric zoning indicative of growth prior to 
attachment to the phenocryst surface, rather than nucleation and 
growth at the crystal/melt interface (Vernon, 1986). The inclusion of 
these minerals indicates that the phenocryst grew in a magma 
containing one other species in its immediate environment. Hibbard 
(1965) suggests that the lath-shaped plagioclase or amphibole are 
periodically attached to the growing feldspar during turbulent flow 
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(synneusis mechanism; Vance, 1969; Smith, 1974). Such flow 
surges could be attributed to episodic injection of a more mafic 
magma, containing plagioclase and/or amphibole, into a more felsic 
system. Outer granular quartz zones represent a cessation of 
phenocryst growth, with a brief period of matrix growth followed by 
continuation of phenocryst growth. This can be explained by 
fluctuations in magmatic conditions surrounding the growing 
phenocryst. 

QUARTZ 'TEXTURES 

Graphic quar tz  overgrowths 

Commonly, quartz phenocrysts in the Porphyritic Granite and 
Microgranite exhibit a graphic overgrowth (Figure 3d) indicative of 
a rapid growth phase (Bussell, 1985; Swanson and Fenn, 1986). 
Quartz microphenocrysts and phenocrysts (<0.5 to 8 mm in 
diameter) have interstitial, optically continuous graphic 
overgrowths, which radiate out from the crystal for up to 1 mm. 
This texture occurs in domains within the Porphyritic Granite, 
resulting in granophyric-like patches comprising quartz and feldspar 
with graphic quartz intergrowths and overgrowths. Quartz 
phenocryst domains within a granite in which the dominant 
phenocryst phase is alkali feldspar represent crystallisation of a 
different melt composition from that of the surrounding magma and 
can be interpreted as felsic enclaves. 

Graphic quar tz  intergrowths 

Graphic quartz intergrowths within alkali feldspar are common 
in the Porphyritic Granite (Figure 3e). They occur as a continuous or 
discontinuous zone within alkali feldspar, with graphic quartz 
radiating out from the internal growth surfaces of the alkali feldspar. 
The quartz in these zones is optically continuous, indicating 
contemporaneous growth. Graphic quartz/alkali feldspar 
intergrowths simultaneous growth of these phases (Fenn, 1986). 
Graphic zones are succeeded by alkali feldspar growth without 
quartz, recording a shift away from the quartz liquidus. These zones 
therefore document subtle changes in magmatic conditions in the 
immediate vicinity of the growing alkali feldspar and may represent 
minor fluctuations and/or chemical changes. 

Oce ll i  

Ocellar texture (Figure 3D is common in the Porphyritic Granite 
and occasionally in the Coarse Granite close to the contact with the 
Porphyritic Granite. The texture involves the mantling of a quartz 
phenocryst with smaller crystals of biotite (Mauger, 1988), 
hornblende (Hibbard, 1991; Seaman and Ramsey, 1992) or, more 
rarely, plagioclase (Bussell, 1985). The ocelli mantles in the 
Porphyritic Granite tend to be monomineralic. Quartz crystals range 
from <1 mm to 8 mm in diameter and may be either rounded, 
embayed or euhedral (Figure 3d/f). Amphiboles in some ocelli 
textures are commonly identical in size to those in the surrounding 
granite and show the same alteration to biotite and/ or chlorite, 
whilst other ocelli have larger and fresher amphiboles than those 
outside the mantle. Plagioclase laths in ocelli rims are generally 
normally zoned. The minerals forming the mantle are often 
contained within a thin envelope of quartz. Rounding and 
embayment of the host quartz grain is suggestive of resorption 
(Donaldson, 1985; Donaldson and Henderson, 1988), whilst the 
individual crystals which make up the mantle are euhedral. Ocellar 
texture in the Porphyritic Granite is commonly, although not 
exclusively, associated with mafic enclaves. 

Two scenarios  are capable of  produc ing such a 
tex ture:-  

1. Partial resorption of a quartz xenocryst with diffusion into the 
melt corona, promoting growth of mafic minerals or plagioclase on 
the retreating surface (Sato, 1975; Mauger, 1988). 

2. Attachment of previously formed crystals onto the quartz 
crystal surface (Hibbard, 1991). This could occur by (i) loose 
surficial attachment of grains which are subsequently `locked-in' 
during a later stage of epitaxial quartz growth (Hibbard, 1991) or (ii) 
inclusion of grains into the dissolution induced melt halo (Kerr, 
1995) with subsequent locking-in' during recrystallisation. 

In support of case 1, Watson (1982) shows experimentally that 
there is considerable uphill diffusion of alkalis into dissolved quartz 
which will promote alkali feldspar growth. Futhermore Mafic grains 
in the ocelli rim are often unaltered in contrast to those in the 
surrounding granite. This implies a different composition and 
therefore supports a late equilibrium growth, diffusion model 
(D'lemos, 1992). However, for crystallisation of biotite in the 
boundary layer, diffusion of Fe, Mg, Al and H2O are also required 
which is decidedly slower than alkali diffusion. Diffusion of 
volatiles, such as H2O and F, into the boundary layer enhances 
convection and reduces the viscosity of the boundary melt thus 
facilitating its breakdown by allowing it to become mixed with the 
surrounding melt (Dingwell et al 1985; Donaldson, 1985). Slow 
diffusion of non-alkalis combined with the convection-enhancing 
and viscosity-reducing effects of volatiles are not conducive to the 
growth of mafics in the boundary layer of a dissolving quartz grain. 
The zoning patterns of plagioclase in ocelli rims are invariably 
concentric to the core of the individual grain, rather than (sub-) 
parallel to the edge of the quartz crystal. The latter would be 
expected if epitaxial nucleation of one mineral on another occurred 
(Vance, 1969; Vernon, 1986). However, it is possible that both 
processes operate in these granites. Those ocelli containing larger 
and fresher amphiboles than those in the surrounding granite 
probably result from diffusion-enhanced growth in the silicic 
boundary layer (scenario 1). Those ocelli mantles containing altered 
amphibole of a similar size to those in the surrounding granite may 
result from surficial attachment of pre-existing phases (scenario 2). 

OTHER TEXTURES 

Acicular (needle-like) apatite commonly occurs in the 
Porphyritic Granite and is often associated with mafic enclaves and 
clots. They have aspect ratios of 5:1 to 12:1 and measure 10 to 100 
pm. Several workers (eg. Vernon, 1983; Hibbard, 1991; and Seaman 
and Ramsey, 1992) interpret acicular apatite as a disequilibrium 
texture resulting from rapid growth in a quenched system (Wyllie et 
al., 1962). Plagioclase laths are also a common feature of the 
Porphyritic Granite. These occur in the groundmass or as inclusions 
in alkali feldspar phenocrysts and measure between 0.1 and 1 mm in 
length. Cellular calcic cores (sericitised) are rimmed by more sodic 
plagioclase (unsericitised) resulting in a discontinuous normal 
zoning pattern. Brandeis et al. (1984) proposes a disequilibrium 
origin for plagioclase laths involving a high nucleation rate in an 
undercooled system. The sodic rims surrounding the cellular cores 
represent post-disequilibrium plagioclase growth. 

HETEROGENEITY 

A notable feature of the Porphyritic Granite is the complex 
modal and textural heterogeneity developed at both outcrop and thin 
section scale. Heterogeneous distribution of mafic phases is 
prevalent in all four facies and domains of biotite and amphibole are 
common (Figure 3h) especially in the Porphyritic Granite where, 
locally, up to 30% of the rock may comprise mafic minerals. Mafic 
enclaves are most common in the Porphyritic Granite, although they 
also occur in the Coarse Granite, and vary in size from 1 mm to 
12cm in diameter. Mafic enclaves include fine grained, dark grey to 
black varieties with sharp contacts (melano-enclaves), slightly 
coarser and more leucocratic types with variably diffuse contacts 
(meso-enclaves) and clots of mafic minerals (glomeroxenocrysts). 
These are interpreted as recording variable disaggregation of 
partially crystallised mafic mush and subsequent heterogeneous 
distribution into surrounding melt (D'Lemos, 1996). 
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The coexistence of contrasting textures in the Porphyritic 
Granite is also an important feature. Quartz, alkali feldspar and 
plagioclase phenocrysts of variable morphologies all occur in close 
proximity. Anhedral and euhedral phenocrysts of the same mineral 
occur together; the anhedral forms often display evidence of 
resorption while euhedral forms do not. Unmantled quartz 
phenocrysts occur next to those with ocellar rims whilst cellular, 
rapakivi and unmantled feldspar varieties are all commonly 
observed within the same thin section (Figure 3g). Adjacent 
minerals with broadly the same texture, eg. rapakivi, also exhibit 
significant morphological variation. 

INTERPRETATION OF DISEQUILIBRIUM TEXTURES 
AND HETEROGENEITY 

The majority of textures described are interpreted to have 
formed in response to disequilibrium between crystallising phases 
and their immediate environment, resulting in resorption or rapid 
growth followed by overgrowth and intergrowth. Disequilibrium 
may result from various alternative processes including 
decompression combined with increasing PH2O (Cherry and 
Trembath, 1978; Nekvasil, 1991) and magma mixing (eg, Hibbard, 
1981; Vernon, 1984; Bussy, 1990; Seaman and Ramsay, 1992). 
However, homogeneous processes such as decompression should 
effect all crystals present resulting in, for example, rapakivi mantles 
on all alkali feldspar grains. This is clearly not the case in these 
granites where crystals displaying variable degrees of disequilibrium 
and contrasting textures occur in close proximity. Whilst 
crystallisation of hydrous phases (eg. biotite and amphibole) could 
create uneven disequilibrium as a result of localised variations in 
PH2O and XH2O, the rapid diffusivity of H2O in silicic melts 
(Karsten et al, 1982) renders this an unlikely hypothesis. 

Rapidly changing orders of crystallisation resulting in core/ 
mantle textures, as opposed to continuous zoning, is indicative of a 
significant shift in magmatic conditions rather than progressive 
fractionation. Extreme heterogeneous nucleation might explain 
some modal heterogeneity, but the degree observed here, combined 
with the textural heterogeneity and obvious derivation of some 
material from disaggregation of mafic magma rules this out as the 
dominant process. The occurrence of three distinct phenocryst 
phases in the mafic rich, poorly evolved Porphyritic Granite is 
difficult to explain by straightforward crystallisation models. The 
textural diversity observed in these granites is also difficult to 
explain with a metasomatic model. Certain textures are restricted to 
certain facies which would require any metasomatic front to be 
contained within and governed by facies contacts. Furthermore, 
textures are far from ubiquitous and so any proposed metasomatic 
model would need to be either extremely heterogeneous or highly 
selective in order to explain how similar minerals in close proximity 
can exhibit such diverse textures. We consider that the features 
described provide convincing evidence in favour of mixing between 
contrasting, partially crystallised magmas (Huppert et al, 1982). 
Textural and modal heterogeneity and crystal-melt disequilibrium 
formed by mixing of crystal mushes with differing petrogenetic 
histories. The interaction between the differing magmas would have 
led to abrupt thermal and chemical changes which are recorded by 
xenocrystal phases. 

MODEL FOR THE CONSTRUCTION OF THE SOUTH-
WEST JERSEY GRANITE COMPLEX 

Bland (1984) considers the possibility of mixing between 
Microgranite and Coarse Granite to produce the geographically and 
texturally intermediate Porphyritic Granite, yet dismisses it on two 
grounds. Firstly, on the basis of isotopic data which suggests 
markedly different ages for each facies and secondly, because the 
Porphyritic Granite is the chemically least evolved, most basic rock 
in the complex. We consider the gradational contacts between facies 
to demonstrate magma contemporaneity. We agree, however, that 
field evidence indicates only limited interaction at the level of 

   

Figure 4: Sketch diagram illustrating the proposed model with mixing of 
mafic magma (dark grey), quartz phenocryst-bearing magma (light 
grey) and alkali feldspar magma (stippled) at depth followed by 
emplacement as a hybrid. 

emplacement and can not explain the variety and distribution of 
disequilibria features which occur in the granites of the South-west 
Complex, or the relatively basic composition of the Porphyritic 
Granite. We therefore propose that the widespread mixing 
responsible for the heterogeneity observed, occurred between 
magmas in a zone below the current level of exposure. Hybrid 
magmas created at depth within a mixing zone subsequently 
ascended to their present position (Figure 4) with only minor 
interaction occuring at the current exposure level. A possible 
sequence of events is as follows: 

1. Coarse Granite is emplaced, displaying minor evidence of 
disequilibrium in the form of feldspar core and mantle textures. 
Disequilibrium possibly results from mixing between batches of 
magmas of similar composition or minor mafic/felsic interaction. 

2. The base of the Coarse Granite (mixing zone, Figure 4) is 
intruded by i) a mafic magma and ii) a quartz phenocryst-bearing 
phase, possibly an earlier microgranite, which gives rise to 
substantial hybridisation. Mixing causes widespread disequilibrium 
resulting in i) quench growth of minerals from the mafic magma 
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(cellular plagioclase, plagioclase laths, acicular apatite) and ii) 
resorption of minerals from the more felsic magmas (embayed quartz 
+ channelled K-feldspar). This is followed by overgrowth and infill of 
various feldspars by an intermediate hybrid plagioclase composition 
and mantling of dissolving quartz by mafic phases. Modal and textural 
heterogeneity also results as a consequence of this process. This stage 
results in the formation of the Porphyritic Granite. 

3. Emplacement of hybrid Porphyritic Granite into Coarse Granite 
at higher level with limited local in-situ mixing to produce gradational 
contact. 

4. Injection of a further batch of quartz phenocryst bearing 
microgranite into the mixing zone when the pluton is at a more 
advanced stage of crystallisation (eg 50% crystals) allows some 
mingling and entrainment of xenocrysts, resulting in the Porphyritic 
Microgranite. 

5. Porphyritic Microgranite ascends from the mixing zone and is 
emplaced into the highly crystallised Porphyritic Granite resulting in 
some mingling and, thus, the sharp yet lobate contacts observed at the 
present level. 

6. Intrusion and emplacement of non-quartz phenocrystbearing 
Microgranite into the Porphyritic Microgranite gives rise to in-situ 
mixing and, therefore, the development of the Porphyritic 
Microgranite/Microgranite gradational boundary. 

EXPLANATION OF AGE DATA 

Adams (1967, 1976) obtained an Rb-Sr whole-rock isochron age 
of 553±15Ma derived from a range of samples from the granite 
Complex. Bland (1984, 1985) argued that the three main units were 
not demonstrably cogenetic and undertook a more detailed isotopic 
study. This gave ages of 550 ±12Ma (Sr 0.7057) for the Porphyritic 
Granite, 527±7 (Sr 0.7100) for the Microgranite and 483 ±13Ma (Sr. 
the Coarse Granite. The three different Rb-Sr whole-rock isochron 
ages produced by Bland (1985) for each of the units, along with 
unique initial strontium ratios for each indicated that the various units 
could not be considered on a single isochron, and thus the age of 
Adams (1967, 1976) was shown to hold no precise geological 
meaning. 

Field and textural evidence convinces us that the members of the 
complex were penecontemporaneous, and if this is so, the isochron 
ages derived by Bland (1984, 1985) require explanation. We feel that 
the obvious, and less obvious, signs of mixing we have described 
from components of the complex indicate considerable open system 
behaviour and evolution from non-homogenised magma which could 
invalidate the Rb-Sr whole-rock isochron method. We suggest that the 
isochrons result from mixing processes during formation in which two 
(or more) isotopic sources mixed to different degrees to produce a 
range of initial strontium ratios. An example of this is shown 
schematically in Figure 5, where two end-members, one with a low 
Sr. low Rb/Sr ratio and one with a higher Sr, and Rb/Sr mix to 
produce a spectrum of daughter magma isotopic compositions. 
Individual samples would decay to define a false isochron, which 
under these circumstances would produce an over-steep isochron with 
an erroneously old age. An erroneously young age would result if 
relatively low Sr.- high Rb/Sr magma (eg. fractionate of basic mantle 
derived melt) were to mix with relatively high Sr. low Rb/ Sr magma 
(eg. crustally contaminated, unfractionated melt). It is also possible 
that the isochrons have been variably upset during the post-
emplacement hydrothermal alteration which is ubiquitous in Jersey 
granite samples (Bland, 1985). Without more detailed isotopic 
evidence, it is not possible to determine the true age of the complex. 

CONCLUSION 

The variety of disequilibrium microtextures, modal and textural 
heterogeneity which occurs within the Granites of the Southwest 
Granite Complex of Jersey are indicative of widespread mixing. At 
least three end members were involved, namely an alkali feldspar 
phenocryst-bearing granite, a quartz phenocryst bearing magma and a  

more mafic magma, which mixed to variable amounts to produce the 
diversity of rocks observed. The discrete contacts between facies 
indicate only localised, in-situ post-emplacement mixing and 
mingling indicating that the majority of mixing took place below the 
current level of exposure, and the already hybridised magmas were 
then emplaced into the complex. This is consistent with the 
widespread occurrence of mafic enclaves, but absence of mafic 
intrusions in the South-west Granite Complex of Jersey. Whilst we 
accept that post-emplacement melt infiltration and diffusion across 
contacts can produce hybridisation (Salmon, 1987; D'Lemos, 1992), it 
is improbable that such a late-stage process is responsible for the 
quench growth and resorption textures exhibited in the cores of many 
minerals in these granites. Furthermore, it does not account for the 
complex modal and textural heterogeneity which is best explained by 
a process of widespread mechanical mixing between contrasting 
magmas. Geodynamic models for the evolution of Jersey (Brown et 
al., 1990; Graviou et al., 1988) indicate a supra subduction zone 
setting for magmatism which could account for the variety of 
penecontemporaneously produced, contrasting magmas observed in 
the South-west Granite Complex of Jersey. 

 

Figure 5: Schematic graph depicting mixing between two end-members, 
one with a low Sr, and low Rb/Sr ratio and one with a higher Sr, and 
Rb/ Sr, resulting in a spectrum of daughter magmas. Individual samples 
will decay to define a false isochron producing an over-steep isochron 
with an erroneously old age. 
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