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S Y N O P S I S  

THE dolerites and gabbros of the Tertiary central 
complex of Slieve Gullion, NE Ireland, represent 
a suite of tholeiitic magmas (varying from tholeiitic 
basalt to tholeiitic andesite, Gamble 1979a) which 
crystallized in the root-zone of a shield volcano. 
The ubiquity of biotite suggests that the magmas 
were hydrous and, in addition, both silicate 
(olivine) and oxide (Ti-magnetite) phases show 
evidence for oxidation at high temperatures. 

The chemistry of the ferromagnesian minerals 
(olivine, pyroxene, biotite) and plagioclase feld- 
spars behaves in a fashion which is in keeping with 
the tholeiitic affinity of the suite. In the ferro- 
magnesian minerals moderate iron enrichment 
accompanies increasing differentiation whilst the 
plagioclase feldspars display strong compositional 
zoning indicative of fluctuating P - T  conditions 
during crystallization. 

The pyroxenes in some texturally complex doler- 
ites and gabbos show several generations of growth 
accompanied by subsolidus exsolution. These 
complex textures have been linked to complica- 
tions in the crystallization history caused by the 
coexistence of cooler, volatile-rich granitic magma 
(Gamble 1979b). 

The available field evidence (vent agglomerates 
and lava flows marginal to the encompassing 
ring-dyke complex, Emeleus, 1962, together with 
widespread explosive interaction between granitic 
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and basaltic magmas in the central complex, 
Gamble, 1979b) suggests a shallow level of em- 
placement for the Central Complex magmas. When 
considered in conjunction with nominal calcula- 
tions relating to the amount of cover removed since 
58 my B.P. (best estimated age for Slieve Gullion 
from Evans et al., 1973; Maclntyre, 1973) it is 
unlikely that Ptot exceeded 2 kb, more likely 1 kb. 
Calculations of temperature and fo2 based on 
coexisting mineral equilibria yield a range of values 

consistent with the fluctuating conditions under 
which the mineral assemblages crystallized and 
equilibriated. Provided that the assumptions neces- 
sitated by the dynamic conditions under which the 
magmas equilibriated are fully realized, it would 
appear that the basic magmas of the Slieve Gullion 
Central Complex crystallized about 1050-1100 ~ 
under moderately high oxygen fugacity. 
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~NTRO~UCT~OS 

The igneous central compl~es of the British Tertiary vole~ic province 
m~k the sites of deeply denuded shield volc~s. T~e Slieve Cullion ~p- 
lax, northeast Ireland, consists of two st~ctural ~its, ~ early ring-dyke 
c~plex of felsite ~d gr~ophyre (Richey & ThOmas, 1932; Emel~s, 1962) 
which en~passes ~ later central c~plex c~posed principally of dolerites 
and galmb~s, microgr~ites ~d gE~ophy~es. (Eichey, 1935; Re~olds, 1951; 
Bailey & MCCalli~1, 1956; Gamble, 1979a), In the central c~plex the~ 
granitic ~d basaltic ~ s  ~re ~pla~ed,~metimes uont~p~r~sly, to 
fo~ a series of s~b-horizontal ,heat-like st~ct~es, The st~ctural r.la- 
tionship of these int~slons ~e dis~ssed in Gamble (1979a). 

Ch~ically, the basaltic r~ks vary f~m olivine tlwleilte to tholeiitic 
a~esite ~d define a l~ pres~re fr~ti~ation se~p/e~ controlled by 
crystallisati~ of plagioclase a~ olivine (C~le, 1979a). Mineralogical 
~id~c, of the tholeiitic ch~acter is provided by the coexisting Ca-rich 
~ Ca-p~or pyroxenes and ~ ilmsnite-spinel opals ~ssemblege. The 
u~i~ity of biotite indicates that the r~ks ozystallised in the presence 
~f a volatile phys. Textural v~lati~ have he~ a~tri~uted to the inter- 
action between hot basaltic liquids or r~ks and I~ density, volatile-r~h 
gr~itin ~gmas (Gamble, 1979b). 

This paper presents chemical data for minerals from a suite of a, alysed 
(Gamble, 1979a)dolezltes and gab~ros from the c~tral compl~. The data 
~e ~aluated, in c~J~cti~ with field obse~ati~s, in ~ attempt to cc~- 
strain the P-T condlti~s under which the ~gmas crys~alllsed. 

{Sp~c~ns 72/24, AT24, 72/31; see plate IC). indicate oxidation at hi~ 
temperatures (Ha~gerty & Baker, 1967). Elecr microprobe analy~s of the 
inzer~row~h ~terial suggest a reaction of tDe type; 

3(Mg,Fe) 2 SiO 4 + 3SiO 2 �9 402 + 3Mg 2 Si206 r 2Fe304 

olivine + residual m l t *  opx + mt 

~ch is consistent with oxidation at a late tug, Ratio stage. ~alyses ~f 
the products ate ~ntained in the App~ndix. 

~/rther evidence for high te~ratere ~id~tion of o~ivine is indicted 
hy the pre~mce, in olivine crystals, of oriented dendritic platelets (see 
Gamble et a 1,, 1976 for photomicrographs). A transmission electr~ m/cro- 
scope study of similar platelets in olivines fr~ the Rh~ int~sion has 
been carried ~t by Putnis (1979) who ~luded that the platelets are 
euteotoidal intergr~t~of cli,opyroxene ~d ~gnetite reassuring products 
of oxidation at high temperatures. In specime~ from Slieve Gulllon both 
dendritic platelets and symplectlte Intergrowths have been recoqni~d within 
single olivine crystals. Textural relationships in the grains ~ggest 
nucl~tion of the platelets prior to decomposition of the olivine to sym- 
p l ~ t i t e .  

Pla~i~la~ 

Plagi~in~ is t h e  principal gro~dmass ~ d  p h ~ r y s t  phase in the basic 
~xs of slieve Gulli~, Table i. In the field certain dolerite layers can 
be distin~uished by  ~ abund~ce of plagi~la~ phe~crysts, Reynolds (1951) 
n~ng ~e s~h horizon as feldspar-phyric dolerlte (her layer 4). F~rther 
~et~iled mappin~ (Gamble, 1975) on the north slopes of Slieve Gulli~ and a 
study of drill-~ze ~d Sub-s~face ~os~ee (~u%ble e% al., 1976) fo~d 
s~ila= ~eld~p~r-~hyric dolerita horizon (interstrati~-~with a~hyric 
dOlerlte) ~ be relatively =~n throughout the Lower Dolerite intrusio,s. 

P1agi~la~ phenocrysts show ~ c~plex and prono~ced c~sitio~l 
,~i.g than gro~ss crystals. In the latter, normal z~Ing is commonly 
developed whereas in phe,~ryst plagio=la~ e~les of no~l, o~illatory 
a~ rever~ z~ing ha~ all bee, obeyed. T~e ~re c~plex z~ing of the 
pbe,ucryst plagioclase cl~rly refl~ts n~-equilih~i~ e~diti~s d~ing 
tryst alli~ti~. 

S~ ecime~ ATI2 AT24 ATe0 ATI410 ATI490 ATe0 72/19 72/15 72/21 72/22 72/25 72/24 72/31 72/45 
~Umher 

olivine 6.33 6,00 0.70 5.13 0.30 15.13 

Plagioclase 49.03 61.09 63.~I 55,60 60.80 56.60 41.82 46.20 ,6.34 39.77 51.02 41.90 54.20 39.~7 

Pyrox~e 25.55 16.00 21.78 20,20 21.60 30.39 47.09 30.20 29.53 20.83 29.87 43.80 28.00 22.59 

Opaques 0.97 4,80 1.61 3+I0 1.30 3.23 9.64 3.60 4.49 4.55 5.19 1.30 I*i0 3.42 

BiOtite 4.42 5.00 0.~3 2,20 0.70 1.33 9.64 8.90 6,93 5.68 6.49 3.00 1,90 5.18 

AmFhik~le 14.78 7.40 1.18 3,80 2.00 0.38 0.36 ~.60 4.35 5.30 2.97 4.80 2.20 3.42 

~arl:z 4.~0 3.20 0.~8 ~,09 2.40 0.~0 10.89 s.90 i.oo 0.30 

K.Weldspmr - - 6.16 

M~st~is 0.80 2.30 5.26 12.30 1.90 2.66 5.90 7.45 6.82 0.56 4.20 12.00 10.98 

Grain size 
(~) 1"25 3.00 1.50 1,00 2.00 2.00 0.I0 LOS 0.50 0.75 0.50 1.25 2.50 0.25 

TABLE 1 Modal ~alyses (in ~i~ %) of ~ly~d dolerltes and gabbros fr~ the c~tral complex of Slieve G~llion. ~No~viations: 
p~x~e" includes h~th Ca-rlch a;~ Ca-poor pyro~e~e; <~aq~es  includes il~nite, ~gnetite ~d sulphides. The final line 
gives ~ n~ainal estimate of grain slze in m. 

Table 3 contains repres~tative ~aly~s of plagiocla~. The chemi~l 
T E ~  V~/%IAT~C~ variation ( in  terms of Ab - Or - An, atomic ~rcent) is 9ivan in Figl~e 3. 

The ~st notable chemical feat~es of the plagi~l~se group are: 
Mo~al ~alyses of s~ecimens ~alysed by the el~tron microprobe are 

c~tained in Table i. In addlti~n, details of speeimsn l~alities and sho~t 
p ~ t r o g r @ h i o  ~ t e s  r e h t ~ g  t o  ch~ically ~ a / y ~ d  m t e r l a l  h a v e  been pre- 
s~ted in an appendix to G~le (1979a). The majority of specimens inv~ti- 
gat~ in this study ~e non-porphyritlc (sp~men 72/45 c~rles phen~ryst 
olivine and specimens 72/31, ATT0 ~d AT1490 c~tain spar~ phen~rysts of 
plagi~lase). Nevertheless, the v~iations i n  texture ~ g~aln-size ~t 
only throughout the ~Ite, but oft~ Within th. area of a sLngle thin s~tion, 
d e f y  ~ate description by the te~ dalerite, mlcr~gabbro or gabDro, even 
though the t ~  ha~ be~ used in a ge,e~al sen~ in the field (see f~t- 
,ore, Gamble, 1979b]. In ~ atte~ut to ~ c ~  this difficulty, an estimate 
of average grain-size in each specimen is c~talned in the final col~ of 
Table i. Fr~ this data the reader ~y deduce relative ~nditions for 
c r y s t a l  growth a~ nucleati~. 

~CAL ~i~m~OG~ OF T~ ~XC ~OC~S O~ S~lZVE GOLLIOS 

Anal~tinal Methods 

Material for electron ~/croprobe ~alysis was selected fr~ a s~ite of 
che~ually a~alysed specimens (Gamble, 1979a). They ~e~ ~l~ted in orde~ 
to ~o~tray the m~eral~ of a wide r~ge of chemical ar~ textual composi- 
tlons. M~al analyses of the ~alysed specimens ~e pres~te~ in T~ble i. 

Bimetal analyses ~ze determined ~ polished, c~bun~oated r~k thin 
sections using a JEOL J~-50A electr~ microprobe fitted with ~ 
l i t h i u m  d r i f t e d  s i l i c ~  d e t e c t o r  en e rg y  d i s p e r s i v e  spectr~ter. An 
�9 ccelerating ~itage of 15KV ~s used for all analyses and the be~ curr~ 
[g~erally about 1.5nA) was ~it~red by ~ans of a Faraday ~p on the 
specimen holder, c~ting times of i00 s~onds ~re use~, pe~itting the 
acc~lati~ of  a~proximately 500,000 counts per ,nalysls, The accumulated 
s~t~ ~ stored in a ~Iti-ch~el analyst. Natural ~erals ~d oxides 
~re used as standards. S~eet~ stripping ~d corrections for dead-time, 
~k-~verlap, es~pe ar~ s~ peaks and the Z.A.F. correcti~ ~re ~rfo~ed 
by on~ine ~m~uter foll~ing Reed & Ware (1975], %~he ~alyses quoted in 
Tables 2 to 6 ~e m~s of at least five s~t analyses. Detecti~ limits of 
the a~alytical syst~ ~e as follY: 

~a 0.2%; M@ 0.15%; AI, si, K, ca, Ti, V, Cr, Y~, Fe, Ni 0.10%. 

Olivine 

Representative analyses of olivine are predated in Table 2 ~d the 
r~ge of c~positicns, within individual r~k speci~ss ~d ~he suite as a 
whole, are displayed in figures 1 ~d 2. 

A r~ge between Fo56 and FO92 is inter~pted by a c~ositi~al gap 
separating high-~gnesian olivine phen~rysts (~an ~re compositi~, Fo89) 
fr~ groundmass olivine (range FO77-Fo56). The high-Mg olivlnes display 
both chemical ~d morphological simil~ities to ollvines from the Rb~ 
layered infusion (Wager & Brow, 1968; D~nh~ & Wad~rth, 1978). On the 
basis of chemical composition and m~s balance calculations with enclosing 
ground~ass, Gamble (1979a, p.7-8) concluded that the high-Mg "phen~ryst" 
olivi, es ~re xe~rystir ~a probably e lut~iated from a deep er seated 
c~stal m9~a reservoir of Rh~ type. On the other h~d, the c~po$ition of 
gro~dm~ss olivine (Fo74-FO56} implies that the m ~ a s  a r e  f r a c t i o n a t e d  wi~b 
raged to their m~tle s~rce region, Cable 1979a. 

The gro~d~ss olivines yield additional info~tlon relating to the con- 
ditions under which the ~gmas equilibrated. SpOradic development of s~- 
plects intezg~ths, particul~ly in the c~rser gabbroic speci~ns 

l)tThe_ highly calclc (up to An87) na~e of crystal ~res in the ~re 
r1~ lye dolerites (e.g. AT40 add 72/41). P 

2) The extent of zo, ing sho~ by all speclmens (e. 9. AT40, r~ge An87 to 

~44. 

3) The very I~ K20 c~tent ~a~red in all plagior analy~s, ev~ ~t 
relatively high Ab contents. 

ATT0 AT1490 AT1410 72/41 AT40 AT64 72/45 

sio 2 34.27 36.02 37.45 36.87 38.21 40.88 39.18 

M~o 0.74 0.57 0.40 0.45 0.31 0.25 

FeO 36.92 33.96 25.79 28.95 24.03 9.83 17.39 

M@O 27.43 29.35 35.94 33.72 37.22 49.29 42.62 

Ca0 0.08 0.09 

NiO 0.22 0.49 

TOtal 99.44 99.99 99.58 99.99 99.99 100.00 99.93 

Cation fo~la based ~ 4 oxygens 

Si 0.965 0.995 0.996 0.993 1.003 1.001 0.965 

M~ 0.018 0.013 0.009 0.010 0,007 - 0.005 

Fe 0,869 0.785 0.572 0~652 D.527 0.201 0,370 

Mg 1.152 1.209 1.421 I+303 1.456 1.798 1.618 

Ca 0.003 0.003 O.OO5 

Nt 0.00S - 0.010 

l'o c ~ t e n t  
(Attic 51.0 60.5 71.3 67.5 73.4 89.9 81.4 
Pe~ce, t) 

TABLE 2 El~tron microp~De analy~s of repre~ntative ollvines from the 
central Complex of slieve Gullion. Each ~lysis is the ~an of 
six spot analyses, 

These chea%[cal ~d zonal features c~ be ~adily accosted for by con- 
sideration o~ the b~Ik chemical c~position of the ~g~as (primitive basaltic 
~lts from the Slieve Gulllon complex ~e rich in calcium, CaO % Ii%, ~d l~ 
in potassi~, K20 % 0.2%) and by fluctuas o~ PH20 ~uring crystallisatlon 
(of. Joh~es, 1978). The c~sis~ently i~ K20 values clearly reflect the 
l~ initial K contest of the parent ~gmas. Enrichment of K in residual 
(~sostatial) liquids together wi~h ~ increasing H20 =ont~t eventually led 
to late crystallisation of biotite and aB~phlbole (K20 ~ 8-11%). 

~ . e s  

l) P~rox,ne easolution and texturs 

Ca-rich ~d Ca-poor pyroxenes are pre~nt i~ all the rocks investigated 
in this report. They are fo~d only as gro~d~ss phases and vary i, text,s 
from polkiliti~ and ophitic to granular ~d Xnter~rtaL Ca-rich py~ox~e 
(augit~) is more abund~t and in many of the c~r~ gaDhros the Ca-poor pha~ 
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F I G ~  1 C h e m i c a l  v ~ i ~ t i o n  ~n p y r o x e n e  and o l i v i n e  m i n e r a l s  f o r  a s e l e c t e d  s u i t e  o f  d o l e r i t e s  ~ d  g a b h r o s  f ~  t h e  S l l e v e  C u l l i o n  C e n t r a l  C ~ p l e x .  
~yroxene ~a~yses =re plotte~ in the conventional En - Fs Di - He ~=drilateral in te~ of ~ - FS - We (Attic ~rc~t). Oliv~e 
analyses are expressed i~ terms of Fo content (Anemic perc~t). Tie lines j~n c~xisting ;~ineral pairs. 

i s  s p a r s e l y  a e v e l o p e d -  

In the Ca-rs ~o~nes ex~lution l~ll~ a~e difficult to d e t e c t  b~" 
optical me~s. On the other h~d, in the C~-~oor pyroKenes exsolution is 
~ifest an~ frequently ~m~lex. Commonly, grains display the characteristic 
blebby or graphic exsolution, typical of inverted pig~nlte (Deer et el.. 
1978 ~d Plate i~). Interpretati~ of the cooling history of these grains 
~ggests high temperature (often random) exsoluti~ of augite blebs fr~4~ 
pi~e~ite and s~b~eq~ent exsoluti~ of augite (often less calcic) from ortho- 
pyroxene [parallel to i00) after the grain had c~led bel~ the clinopyioxene- 
orthopyroxene in~rsion t~perat~e. Pri~y hypersthene containin~ narr~ 
augi~ exsolgtion l~llae p~allel to (I00) ha~ been identifie~ in so~ 

ATI410(C) 72/25 72/15(c) 7~/21(R) 72/22(~} 72/19(R) AT40 (e) 72/41 (n) 

~1203 33.04 34.11 32.28 29.28 30.61 26.24 23.98 25.89 

Fee 0.43 0.46 0.45 0.27 0,61 0.46 0.36 

M~O 0.12 0.12 

CaO 17.14 15.97 15.68 11.46 14.05 8.79 6.08 8.23 

K20 0.08 0.08 0.09 0.24 0.14 0.20 0.47 0.27 

Na20 1.81 1.96 1.99 4.23 3.47 6.62 7.51 6.56 

TOtal 99.86 99.88 i00.00 i00,01.i00.21 99.73 99.99 100.07 

Cation fomula based ~ E oxygens 

Si 2.182 2.170 2.260 2.464 2.346 2.579 2,732 ~.627 

A1 1.794 1.845 1.739 1.552 1.638 1,396 1 .25~  1.364 

Fe 0.017 0.018 0.017 0.010 0.023 0.017 0.0i4 

o.oos OmO05 

Ca 0.846 0.785 0.767 0.582 0.684 0.425 0.290 0.384 

K 0~005 0.005 0.005 0.014 0.008 0.012 0.027 0.015 

Na 0.162 0.174 0.176 0.369 0.305 0.579 0.648 0,569 

A~ 16.0 18.1 18.5 39.4 30.6 57.1 67.2 58.2 

Or 0.5 O.5 0~ L~ 0.8 i.I 2.~ 1.6 

An 83.5 81.4 80.9 59.1 68.6 41.8 30.0 40.2 

TABLE 3 Electr~ micropro~ analyses of representative plagi~la~s f~m 
the cenE~al complex of Slieve Gullion. s~ffix (c) indicates co~e 
~alysis and (R) rim analysis. ~ach ~aIysis represents the mean 
of five s~t ~alyses. 

The parag~esis of the pyroxene m~erals is co~pllcated by the exlsten~ 
of di,tinct gem,rations of pyroxene within th~ s~ r~k. Study of pyroxene 
text~es in a n~mber of speci~ns has indicated ~rginal overgrowths of 
pige~ite on ophitie Ca-rich pyroxene crystals. In the ~ s~ecimens 
gr~ular or intersertal pigeenite grains display epit~ial overgrowth of 
a~gite (~late ID and E} whilst priory h~persthene crystals (~ith na~ 
augite l~llae parallel to i00) have a sub-ophit~c texture and no clee~ cut 
textural assail%ion with either augite or ~igeonite. 

2) P~roxene chemistry 

Representative electr~ microprobe analyses o~ pyroxenes from the 81ieve 
Gullion gabbros and dolerites are presented in Tables 4 ~d 5. The chemical 
variation (in te~s of Di - Me - s - Fs, attic percent) in individual 
speci~ns is given in ~igure 1 ~ for all r~ks in Figure 2. 

The Ca-rich pyroxenes, (Table 4), are augites in the classification 
sehe~ of Deer et el. (1978) and display a trend of ~oderate ir~ enrichment 
which accomp~ies de~reasing ~-nu~r in th~ w~le rock. Con~mitant with 
this trend as the Fe content increases the range of Ca de~reases resultin 9 
in a broadenin~ of the m~sc[bi[ity ~ap separatin~ C~-ri~h a~d Ca-p~or pFrox- 
~ n e s ,  F i g u r e  2. 

I n  a s i n g l e  r ~ k  spec imen,  c a l c i ~  c t  ~ [ e n t ,  w h i c h  ~ y  v a r y  by  up t o  15 
atom ~ercent, for a c~stant Mg/Fe val~, aceo~ts ~or the pzincipa I chemi- 
cal variation. The minor elicits p~, AI, Fe ~+ (calculatex ~ f~m ~eO ~ the 
basis of 6 oMygens and 4.O ca%ions, after papike et el., 1974), Ti and Cr 
all sh~ relatively low co, centrations indicating~ l a~unts o~ the 
acmite and t~he~k ~leo~les, Table 4. Diopside, hedenbergite, enstat~te 
and ferrosilite c~stit~te the principal end-~mber compositions in keeping 
with the tholeiitic affinity of the parent ~g~s, hence a~ly~s ~e dis- 
played in ter~ of the e~v~tional pyrox~e guadrilateral. 

D~ He 

2 v v g v 

En F s  

FIGU~ 2 Combined chemZcal variation in pyroxenes ~d olivines from Slieve 
~llion. Data has been screened in ~der to s~plify data pre- 
~ntati~ ~d to minimi~ the effect of Ca-v~iation due to 
exsolution- D~shed llne shows tr,nd for skaerg~rd pYroxenes. 
Sell4 lines ~oln coexisting pyroxene pairs in ~ olivine gabb:o 
and tholeiitic andesite. 

The ca-pQor pyzoxenes, (~able 5), are piqeonite (now inverted) and 
hypersthene. When thee two minerals c~ist ~n the s~ r~k [e.g. 
specimens 72/41 and AT40) th, hypersthene is ~re ~esi~ and lower in Ca 
~d Ti th~ coexisting pigeonite, (Table 5). The studied speci~ns re~al 
a trend of moderate ir~ e,r~e~ent over a c~positional range extending 
fr~ Mg71, Pe26, Ca 3 to Mg45, F,SZ, Ca 3. This trena correlates with the 
decreasing ~-nnmber in the whole rock and with the trend of the coexisting 
Ca-rich pyroxenes. Tie-lines are c~structed fez coexistinq pairs. (NQte: 

tie-lines link crystals which ha~ nucleated and gro~ in proximity). 
The projection of thr tie-lines interests the Di - We join in the compo- 
sional r~ge We70 - WOe0 (Deer et el., 1978). 

The coexistence of hypersthene and plg~nite with augite warrants 
further discussion since the narrow tem~e~'ature-com~sition range over which 
this 3-phase assemblage can crystal]i~ has implications for pyr~ene %hero- 
,try (see Ross et el., 1973; Ross & Huebner, 1975: Hu~bner r el., 1975). 

Spec~ns AT40 ~d 72/41 Contain this 3-phase py~oxene ensilage. 
Pyroxene analy~s from then e speci~ns ~e plotfed ~n the conventional pyro- 
xene q~adrilateral in Figures 4 and 5. Textural relationships in these 
r~ks suggest a crystallisation history which foll~s the sequence illustra- 
ted in Figure 6. This dlagr~ indicates plagioclase to be the liquidus 
phase ~d with falling temperature it is joined by olivine and then ophitic 
clinopyroxene (augite). With a f~rther decrease in temperature pigeomite 
joins augite, often nucleating at the ~rgins of ophitic augJte Crystals. 
Cotectic precipitation of augite and pigeonite is indica~e~ by parallel 
interqr~ths h~tween the t~ phases. Epitaxial ~,~owth of a~gite on 
�9 nverted pigeomlze and crystal~isation of hy~r~theDe complete the pyroxene 
czystallisation~ 
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Specimen 
Number 

sio 2 

TiO 2 

AI203 

anO 

FeO 

~gO 

cao 

Na20 

C~203 

Total 

S~iv 

A1 . 
vz 

Al 

Ti 

~e 3+ 

F e  2+ 

c a  

~ a  

C r  

M~ 

Ca 

AC~41TE 

CATIAL206 

CAALALSZ06 

CAraFES106 

CAFEALSI06 

DIOPSID~ 

~DENSE~ 

ENSTATITE 

FERROSILITE 

AT40 72/41 72/19 AT12 72/24 AT70 72/31 72/15 72/22 72/25 

51.95 51.54 50.95 50.81 50.90 51.26 51.04 50.61 51.60 52.42 

0.55 0.71 0.68 0.53 0.31 0.35 0.74 0.30 

1.89 2.14 1.09 3.42 3.49 3.14 2.63 3.00 0.92 0.72 

0.29 0.29 0.22 0.27 0.22 0.24 0.35 D.2~ 0.3B 

10.77 9.82 14.31 8.39 8.01 8.22 9.06 10.63 13.64 12.14 

15,54 15.12 12.08 15.30 15.50 15,76 15.76 15.18 11.34 12.10 

19.68 19.79 21.36 20.81 20.82 21.23 21.14 19.43 22.09 21.59 

0.32 0+52 0.62 0.42 

0.24 0.3~ 0.29 0.17 

100.99 99.93 100.01 99.92 99.85 99.92 100.22 100.23 100.47 i00.24 

Cation formula ba~d on 6 oxygens 

1.909 1.912 1.936 1.884 1.885 1.890 1.885 1.882 1.946 1.977 

0.082 0.088 0.049 0.116 0.116 0.ii0 0.114 0.118 0.041 0.024 

0.006 0.033 0.037 0.027 0.014 0.009 

0.015 0.020 0.019 0.015 0.009 0.010 0.021 0.009 

0.087 0.079 0.080 0m038 0.037 Om060 0.097 0m054 0.113 0.024 

0.851 0.836 0.684 0.846 0.856 0.866 0.867 0.841 0.637 0.680 

0.244 0.225 0.375 0.222 0.211 0.194 0.183 O.276 0.317 0.359 

0.009 0.009 0.007 0.009 0.007 0.OO8 0.011 0.008 0.012 

0.776 0.787 0.870 0.827 O.826 0.536 0.836 0,774 0.892 0.872 

0.023 0~037 0 .045  0.O31 

0.007 0.011 0.009 0.005 

43.3 43.2 34.0 43.6 44.2 44.2 4~.6 43.0 32.4 34.9 

17.3 16.2 22.9 13.8 13.2 13.0 14.4 17.5 22.3 20.3 

39.4 40.6 43.1 42.6 42.6 42.8 42.0 39.5 45.3 44.8 

P y r o x e n e  e n d - ~ m b e r  c o m p o s i t i o n s  

0.023 0.037 0.045 0.029 

0.015 0.020 0.019 0.015 0.009 0.010 0.021 0.009 

O.Q00 0.006 0.033 0.037 0.027 0.014 0.006 

0.010 0.015 0.001 0.014 

0.051 0.042 0.049 0.045 0.048 0.066 0.085 0m063 0.041 

0.539 0.562 0.517 0.573 0.579 0.603 0.599 0.505 0.556 0.555 

0,156 0.157 0.289 0.156 0.148 0.135 0.132 0.172 0.283 0.303 

0.156 0.137 0.084 0.136 0.139 0.]32 0.134 0.168 0.041 0.063 

0,046 0.039 0.047 0.037 0.035 0.030 0.030 0.058 0.021 0.034 

TABLE 4 E l e c t r o n  m i c r o p r o b e  ~ a l y s e s  o f  r e p r e s e n t a t i v e  C a - r i c h  p ~ r o x e n e s  f r o m  t h e  c e n t r a l  c ~ p l e x  
of Slieve Gullion. Each ~a]ysis represents t he ~an of at least six spot analyses. 
End-membexs calculated after allocating iron Fe2 + and Fe 3+ on the basis of stoichiometry 
(Papike et al., 1974). 

AN 

AN 

�9 R 

A B  

F I ~  ] C h e m i c a l  v a r i a t i o n s  i n  p l a � i o c l a s e  f e l d s p a r s  ( e x p r e s s e d  i n  t e ~ s  o f  
atomic percent An - Ab - Or) for a selected suite of dolerites and 
gabbros fr~the Slleve Gullion Central Complex. 

In the pyroxene ~drilatera~ diagrams (Figures 4 and 5). the range in 
Ca-content in the granular pyroxenes has resulted fxom plotting ~alyses of 
solidus and subsolidus phases. The Ca-rich granular pyroxenes with high Wo- 
content are subsolidus augites associated with primary exsolution fr~ 
pigeonite. They correspond to the sub-so]idus t~e~ for Skaergaard pyroxenes 
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FIGURE 4 Quadrilateral plots of pyroxenes in a single specimen (AT40). 
symbols: open circles - ophitic clinopyroxenes~ closed circles - 
granular and epitaxial clinopyroxenes; closed stars - primary 
hypersthene; closed squ~es - inverted pigeonite. Solid llnes 
represent s~solid,~s cu~es ~ 6~h~ lines solidus curves for 
Skaergaard pyroxenes, (Nwe, 1976; Coleman, 1978). 

demonstrated by N~ (1976) ~d Cole~n (1978). The Ca-rich granular pyrox- 
enes with lo~r ~-conten% are augltes growing parallel to or epitaMially on 
pigeonlte ~see Plate IS, analysis I). These analyses conform r~asonably with 
the Skaerg~rd pyroxene solidus cu~es of Nwe (1976) and Coleman (1978). The 
scatter of paints bet~en the subsolidus ~d solidus curves reflects the 
inability of the EpMA system to resolve between flne la~llae and host phases. 
The early crystallis~g ophitic augltes are more magnesian and approx~ate t~ 
the 8kaergaard solidus trend. 

The Ca-~or pyroxenes reveal the presence of a phase change from hy~rsthen~z 
to 9igeonite (now inverted) ~t~en En70 and En67. The analyses of hypers- 
the,e are restricted in C~position while the pigeonites display slight iron 
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Specimen 
Number 

sio 2 

TiO2 

AI203 

F~O 

MgO 

CaD 

Na20 

Cr203 

Total 

Sliv 

A l  vz 
A1 

Ti 
~2+  

~e 2+ 

~g 

Ca 

~a 

cr 

Hg 

ca 

ATI410(H) ATI410(P) AT1490 72/41(H) 72/41(P) AT40 72/~1 72/31 AT70 

54.97 59.46 51 .01  54 .71  53.49 5 3 . ( ~  51 .51  52.69 51.07 

0.13 0.57 0.29 0.25 0,~6 0.22 0.14 0.20 

O.97 0 . 8 8  0.43 0.48 0 . 4 9  0.82 0.31 0.69 0,92 

0.38 0.51 0.66 0.50 0.58 0.65 0.87 0.64 0.73 

15.99 19.54 28,58 18.36 19.91 21.65 29~i 24.40 25.94 

26.92 23.35 17,03 25.44 22.65 21.25 16.43 20.34 19.93 

0.64 1.68 1,50 0.52 2.65 2.19 1.19 I.I0 1.22 

0~50 0.19 

I00.00 99.99 i00.00 100.01 100.02 

cation for~la bases o. 6 oxygens 

1,983 1.9~i 1.9~3 1.995 1.~ 

0,017 0.029 0.020 0.005 0.018 

0,024 0.009 0.016 0.003 

0.004 0.016 0.009 0.007 

0.012 0.010 0.022 0.015 0.018 

0.482 0.603 0.924 0.560 0.617 

1.447 1.283 0.981 1.383 1.251 

0.025 0.067 0.062 0.020 0.105 

0.0~0 0.006 0.015 0.041 

0.016 0.00B 0.016 

0.010 0,006 0.004 0.006 

0.020 0,029 0.020 0.024 

0.676 0.946 0.769 0.827 

1.182 0.948 1.142 1.133 

0.088 0.049 0.044 0.050 

~.014 

74.1 65.7 4~.9 70.4 63.4 60.8 48.79 58.4 56.4 

24.7 30.9 47.0 2S.6 31.3 34.7 48.67 39.3 ~l.l 

1.2 3.4 ~.i 1.0 5.3 4.5 2.54 ~.3 2.5 

TABLE 5 Electron m~cro~robe a n a l y s e s  o f  r e p r e s e n t a t i v e  C a - p o o r  p y r o x e n e s  f r ~  t h e  c e n t r a l  c o m p l e x  o f  
Slieve Gullion. Suffi~ (H) indicates primly hypersthene, (P) pig~nite, ~w invertea to 
orthopyroxene, Each analysis represents the m can of at least six sp~t analyses. 
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FIGURE 5 ~uadrilateral plots of py~xenes in a singl~ sp~imen (72/~i). 
symbols as in Figure 4. 

entitlement an~ a r~ge of Wo-~ntent, the latter resulting f~ the overlap 
of the beam spot between la~llae ~d host phases. 

The bulk c~176 of liquids from which these 3 phase as~mblages 
ha~ crystallised range fr~ 100.Mg/Mg+Fe = 67 to 71. using the experi~ntal 
data of Ross & Huebner U975) the c/ystallisatio~ temperatures can be esti- 
mated to lie between 1000oC and II00OC. Hoover, these tem|~ratures are 
llke~y to be ~xi~ since the effects of PT a~d PH~O have not been considered. 
Temperatures have also been calculated from coexisting Ca-poor pyroxene 
(hypersthene) - Ca-rich pyroxene (augite) assemblages using the ~thods of 
Wood & Banno (1973) and Wells (1977). The temperatures of ~90OC an d ~95Oc 
are appzeciably lower t~ t~se est~at~ from the Ross-Husker geother~- 
meter, but, in keeping with the textural relationships, ~y ~ realistic as 
near solidus ~r sub~l~dus temperatures (of. Nobugai et el., 1978 who, using 
similar ~thOds, esti~te temperatures of~85Oc, pigeon'~e-augite, and 881- 
856~ subsolidus, for the 5kaezgaard int~sion). 

The influence of PH20 is probably critic~l since microscopic exsolution 
products in the rlms of ophitic augite crystals an~ in granular pigeonites 
often include a bro~ amphibole p~se (basaltic hornblende) (Pl~te In). 
Forth~r~re, ~rys~llisati~ under condition~ of incxe~sing ~H20 (indicate~ 
bY increases of ~41 biotite and amphibole with <~,numbe r in the whol e 
r~k) ~y also accost for the increasing Wo-content of the Ca-rich pyroxenes 
in the ~re fracti~ated dolerites (Figure 2) by a ~r simil~ to that 
propOsed for the pyroxenes i n  the Kap Edvard Holm Int~sion (Deer & Abbott, 
1965; El~on, 1971). In this ease, the ~c~easlng wi4th of the pyroxene 
sol~s ~uld also suggest that the Slieve Gullio n pyroxene s crystallise ~ at 
lo~r temperatures th~ comparable pyroxenes from the Skaergaard int~sion. 

3) Minor Element Distribution in Clino~yroxenes 

In basaltic pill~ levas the minor element chemistry of elinopyroxenes 
{p~tlcularly al and Ti) has been used to indicate cooling rates (Mere/ & 
Velds, 1976; Coish & Taylor, 1979). Bence & Paplke (1972), Grove & Bence 
(1977) and co-~rkers have studied pyroxe~-l~quid relationships in lunar 

FIGUP~ 6 Generalise~ crystallisation relationships in the dolerites and 
gabbros. T L indicates liquidus temperature. 

basalts ~d c~oludea that partitioning of th e mino r elements (A1203 ' TiO2 
and C~203} ar e str~gly dependent ~ cooling rate a~ th e extent to which 
crystalllsation of plagi~lase an~ il~nlte are suppressed. 

This approach was applied to clinopyroxenes in Slleve Culli~ r~ks whic h 
display textures suggestive of a cO,~lex cry~ta~lisatiQn history On textu- 
ral grounds Zhe py[o~enes have been identified as gr~lar, Jki~o izlc 

~d/or larger degrees o~ underc~ling. In Figure 7, the Ti - A1 data for 
granular pyroxenes display a scatter about the 1/4 trend line while ophitic 
pyrox,nes plot beneath this line indicating higher A1 content at e~ivalent 
TI. 

It is suggested that the higher A1 content of the ophltic crystals has 
resulted from cessation or suppression of plagioclase cryStallisati~ during 
nucleation and gro~h of the ophitic py~xen~ crys%a~s . 

Blot its 

Biotite is ublqultous in dolerites and gahbros from Sliev~ Gull~on, 
Table i. Int~r~tation of textural relationships indicates that it is late 
to crystallls~ either formin 9 mesotasis, r1~in 9 ~gnetite and ilmenite 
9ralns or less co,only f o x i n g  marginal intergroWths lwith amphibole) to 

b a d~ and gabbros (those r~ks wlth 100.Mg/Mg+Fe <60) is paralleled 
dYl tendency for blet~te to be ~re ab~dant in the gabbroi c r~ks th~ in 
o erltes which dlsplay slmilar ~-values. A progressive increase in the 

water content of the ma~s and fluctuations of wate~ va~ur pressure during 
cryst~lllsation of the magus offer plausible expl~tions for these features. 

Representative analyses and mineral formulae are contained in Table 6. In 
terms of Mg : Fe ratios all the analysed minerals ar~ biotit~s (sensu stricto 

~ h Mg : Fe<2. i00. Mg/Mg + Fe (Atomic) ranges from 61.6 to 4 ~ ' ~ ;  
~r~%e ~ron enrichment which is displayed in the p~ot of Mg - Fe - AI, 

Figure 8. This ~erete iron enrich~nt trend is ~ccom~nie d by a slight 
depletion of AI. 
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FI~P~ 7 Ti/AI rel~tionships f~r calei~-rich pyroxen.s iN t~dolerite 
speci~ns (AT40 ~d 72/41). Symbols: open circl~S - ophitlc 
pyroxenes; closed circles - granular andepiZaxlal pyroxenes. 

AT40 72/31 72/24 72/22 ?2/25 72/19 

SiO2 36.50 34.07 35.89 35.37 35.70 34.69 

T&O 2 4.78 4.59 5.00 4.96 4.39 4.15 

A120 ) 12.14 14.50 12.52 12.41 12.84 12.71 

FeO 22 .14  16.54 22 ,43  22.31 23 .63  21.65 

MgO ii,30 14.34 10.56 i0.74 i0~13 ii.01 

Ca0 0.11 0.16 0.20 

K20 8.71 10.87 9.14 ii,63 11.35 11.30 

Na20 0-38 

Total 95.68 95.07 96.12 97.42 9S.04 95.51 

Cation loyola based on 24 oxygens 

St 6.140 5.7%9 6.051 5.969 6.000 5.956 

T1 0,604 0.5?9 0.634 0.629 0.555 0.536 

A1 2.407 2.86~ 2.488 2.468 2.543 2.571 

Fe 3,114 2.3~2 3.163 3.149 3.321 3.108 

sg 2.8~3 3.~ ~.65~ ~.701 2.538 2.817 

Ca 0.019 O.0Z9 0.036 

K 1.869 2.3~7 1.9~ 2.504 2.433 2.~74 

Na 0.124 

TABLE 6 Elect~n microprobe ~aIyses of representative 
biotltes from the central c~p[ex of Slieve 
G~lli~n. E~ch ~iysis is the ~an of three 
spot a~ly~s* 

~lidus temperatures ~ducing the ulvo-spinel e~tent of reoalr ~ a g n e t -  
ite and resulting in unifiable T-re 2 esti~tions. ~he r~ks from Slieve 
G~llion are no exception and magnetite reveals both co~se granular ~d 
la~llae types of il~nite " exso lu t i on "  p~oduct* 

Magne t i t e  Ii~nite Magnetite llmen~te 

Arl2 ATI2 A~70 AT70 

~02 2.21 48 ,42  ~.49 50.89 

Sit 0.1~ O.1~ 

FeO 32.91 40.60 35.14 44.60 

MgO l.ll 

Mno 0.17 2,55 0 .23  O.88 

CaO 0.22 0.28 0,15 0.22 

Fe203 61.59 6.15 54.93 1.8~ 

AI203 0.56 2.2~ 

V203 I. 75 0.95 1.43 0.30 

Cr203 0.37 0.16 0 .42  0,19 

Total 99.95 99.11 9~.15 99.99 

-lOglofO 2 

600 6.48 T=C 615 1.92 

20 -ioglofO 2 22 

TABLE 7 Electron microprobe a~lyses of ~gnetites and il~nites from 
the central COmplex of Slieve Gulli~. ADaly~s carried out 
us~g a sc~ing elect~on-beam. Fe203 c~tent emitted from 
~eO following the pr~edures of Carmichael (1967). 

With ~l~ctron mlcrop~o~ analysis this difficulty can be partly offset by  
~lysing with a scanning electron be~ but the exkstenc~ of coats, granular 
eMsolutlon products of il~nite from ~gnetite me~s that ~alMtical d&ta 
should be interpreted with caution. Th~ tem~at~e ~a fo 2 ~sti~t~ns fez 
Slieve Gulllon r~ks, (Table 7) foll~L%g the recal~lati~ pr~edures of 
Ca~ichael I1967), are too low to b~ representative of ~gmatic temperatures 
and ~dently are related to the widespread development of granule type 
il~nite "e~solution" from ~gnetite. The analyses plotted in yigure 9 
de~nstrate s scatter which corresponds closely with the QFM. (Quartz- 
Fayalite-Magnetite] buffer curve, using a temperatsre of 1050~ (T~ ~xi~ 
s p~roMene gee%helotry) an oxygen fugacity of c, i0-ii ba r c~ be 
inferred for the 511eve GUllion ~qmas provided they--equilibrated close t o  
the Q~ bu~f~ c~ve. 
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FIGU~ 8 Chemical variatlon in biotites from Slleve Guni~ aolerites 
~d gabbros expressed in terms of Mg - Fe - A1 [A~omie percent). FIGURE 9 Plot of temperature I~ and -lOgl0fo 2 for Slieve Gullion dolerites 
The star is a biotit e from a typical centra I comple x gr~ophyre" and gabbros. Buffer curves a~ from Buddington & Lindsley (1964). 

The equilibration eur~s for the Skaergaa~d intrusion are from 
The Opa~ ue Minerals Mathies~ (1975): The dashed line is based on Fe - Ti oxide com- 

positions while the dot-dash mine represents the inferred behaviour 
The opaque minerals include oxide and sulphide phases. The oxides, on further cooling. 

which are predominant, are magnetite amd ilmenite, occur in all r~ks and 
a ~ed-br ~ h ~  ~el ~curs as inclusions in ~enQcry~tE of high-~ DISCUSSION 

olivine ~nd in the grou~ss of rocks in which the~ ~en~[~ts occur. The The ~st primitive ~mas 9mpl~c~ into the roo~ zone of the Slleve 
chzo~ spinels are ~nterpret~ as liguidu~ or near-liquidus phases where,s Gullion volc~O appear to be ~alo~es of the hlgh-ealcium, iow-a]kali 
the ~gnetite and il~nite display textures suggesting a wi~e crystallisation tholelitl c liquids which have been recognised on Skye and ~bum (Drover & 
interval. Johnston, 1966; Thompson et a l., 1972; Es~n et al., 1975; Gibb, 1976; 

Pyrrhotite, chalcopyrite and pyrite are the principal sulphide phases (in MatteY et aL, 1977; Donaldson, 1977; Thompson et a~., 1980). LOw pressure 
order of decreasing abunda~e). Pyrrhotite often rims ilmenite or magnetite (crustal) f~actionation of these ~gmas, principally involving plagi~la~ 
grains whilst chalcopyrite and pyrite are confined to ~tasis. and olivine, produced a spectrum of compositions ranging from olivine 

tholeiite to %holeiitic andesite (Gamble, 19793)~ Internal contacts, a lack 
The c~sitions of c~xistln@ magnetite and il~nite offer an op~rtunity of mineral laye~ing and the gravity a,omaly ~ata o~ C~k & Murphy (1952) i~ 

to esti~t~ e~ilibrati~n t~peratur~$ and oxygen ~ugac~ty from coexisting ~le (19793) to pzo~ that the ~ S  had differentiated prior to emplace 
Fe - Ti OXLde pairs (Buddington & Lindsley, 1964). Ho~ver, other workers sent . Fluctuat~ons in PH20 and temperatures, enhanced by c~tlguous, cooler, 
(e.g. ~thieson~ 1975; Bowleg, 1977 and Hi~elberg & Ford. 1977) have foun~ granitic magmas, produced a wide range of texture5 in the basic rock5 
that the Fe - Ti oxides of intrusive rocks continue to e~ilibrate at sub- (Gamble, 19793, b). 
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The mineral chemistry presented in this paper support these observations 
but pe~it a more precise assessment of the conditions usdez which the magmas 
crystallis~d. For ~xa~l~, temperatr~re calculations based ~n p~ro~ene Fe : 
Mg exchang, equilibria and experimental data yielded temperatures between 
II00oc and 890oc. Rock textures and sub~lidus exsolution in the pyroxenes 
suggest that these temperatures reflect suprasolidus and subsolidus coneitions. 
Experi~ntal runs at 1 atmosphere {dry) on similar tholeiites fr~ Skye 
(Es~n at el., 1975) show plagi~lase as the liquidus phase (1225~ with 
clinopyroxene appearing after a 41OC fall in temperature (I184Oc). Using 
this data, together with the fact that higher PH20 conditions would lead to 
depression of the liqUidus, temperatures bet~en IO00oC ~d II00~ may be 
reasonable estimates for the Slieve Gulllon basic ~g~s. Temperatures 
calculated from e~xisting Fe - Ti oxide phases yleld unrealistic ~gmatic 
temperatures, a feature which has been observed in other intrusive suites of 
tholeiitic composition (Mathieson. 1975; Himmelberg & Ford, 1977). However, 
by nesting that the a~semblage equilibrated clo~ to or just above the QFM 
buffer and using a temperature of I050~ (a combination of pyroxene geother~ 
metry plus experi~ntal data}, the o~ygen fugaeity can be estimated to lie 
bet~en i0 -I0 ~d l0 -ll. c~parison with fo 2 esti~tes from the Skaergaard 
intrusion (Figure 9, data from Mathieson, 1975) shows that fo 2 was ~me 102 
log units higher in th~ case of th~ slieve Gullion. Whilst the method of fo 2 
esti~tlon in the case of the $1ieve Gullion ma~s has ~en based on a 
number of ass~ptions (necessitated by a lack of equilibri~ relationships 
batten coexisting mineral assemblages) the values are thought to be realistic 
since they are supported by several independent lines of evidence. Firstly, 
the ubiquity of biotite, which i~reases in modal vol~ with differentiation 
~d which ~y indicate progressively increasing PH20. Secondly, the evidence 
for v~ious types of high temperature oxidation in olivine ~d thirdly, the 
progressive increase (with decreasing Mg-value) in the miscibility gap separ- 
ating coexisting Ca-rich ~d Ca-poor pyroxenes, 

Finally, the contempor~eity both in space and time of relatively large 
vol~es of granitic magma should be considered. In view of the probable 
si~ific~ce of ~ mixing ~s a trigger~g ~ch~ism for volc~ic eruptions 
(Ander~n, 1976; Sparks et al., 1977; Eichelberger, 1980) we have, at 
Slleve Gulli~, the oppor~y to review the situation in the now czystal- 
li~d contents of a magma char. Here, Gamble et al. (1976) and Gamble 
(1979b) ha~ described a spectrum of contact relationships between contiguous 
basaltic and gr~itic magmas, With net-~ining, int~sion breccias ~d 
hybrid r~ks repxesenting the ultimate products of explosive br~ciation ~d 
magma mixing respectively. Furthe~ore, many of the textural varieties 
detected in the gabbros ~d dolerites, even thigh they ~re far fr~ 
gr~ite, could be attributed to proceeds such as sudden chilling, dec~pres- 
sion or volatile tr~sfer which accompanied periods of injection of cooler, 
volatile-rich granitic ~a. With this in mind it is difficult to escape 
the conclusion that the c~t~por~eity of gr~itie ~gmas led to sustained 
high temperature oxidising conditi~s during and after crystallisation of 
t~ basic ~as. 

CONCLUSIONS 

The petrology and chemical mineralogy of the dolerites ~d gabbros from 
the Sliev~ Gulli~ central ~le~ are consistent ~ith cry~tallisati~ of 
tholeiitic magma ~deE shallow c~stal conditions. The ubiquity of biotite 
indicates the hydrous c~diti~ of the ~gmas from ~icb the rocks cry~tal- 
limed and the variety of textures (Gamble, 1979b) suggest that the conditions 
of crystallisatiun were subject to rapid fluctuations. A continuous varia- 
tion in the ch~Istry of the f~r~esi~ minerals (olivine, pyroxene and 
biotite) ~tlines a trend of limited iron enrichment. Concurrently, the 
plagi~la~ feldspars display c~plex zoning hut an o~rall trend of 
decreasing An-c~tent with differentiation. Mineral reactions in olivine 
~d the Fe - Ti oxide phases indicate equilibration under conditions which 
~y be re~ncile~ with ~stained high t~perature oxidisin 9 c~di~i~*s 
probably due to the c~tempor~elty of large volumes of c~ler, volatile 
rich, acid magma (Gamble, 1979b). 
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Phot~icrographs A-F of textural relationshiDs in dolerites add gabbros from 
the 51lave Gullion central o~plex. Bar represents 0.i~. Nu~rs refer 
to electron microprobe analyses Whlch are contained in the AppendiM. 

Plate 1A, specimen AT1490, subvariolltl= crystallisation of clinopyroxene 
(augite) and plagioclase. 

Plate IB, specimen 72/41, clinopyroxene (augite) ~dplagi~lase showing 
opbltic texture. 

Plate 1C, specimen 72/24, ~gnetite-orthoDyroxene symplectite foxed by 
oxidation of olivine. 

Plate In, spec~en AT40, complex clinopyroxene grain, ~ optically h~- 
genous core (analyses DI) is surrounded by a zone of amphibole~ntergrowth. 
The outer rim of the grain is mantled by a later overgr~th of clinopyroxene 
~ a l ~ s ~ s  D2}. 

Plate IE, specimen 72/41, olivine (analysis E2) with ~rginal plgeonite 
(inverted to orthopyroxene with associated complex ex~lutlon). Augite 
(analys~s El) has gro~ parallel to pigeonite. 

Plate IF, s~clmen 72/41, ophitic crystalllsation involving cl~opyroxene 
(augite) and plagl~lase. 

AppENDIX 

Electron microprobe analyses of minerals at the points illustrated in 
Plate IA-F. cpx: Ca-rich pyroxene; opx: Ca-poor pyroxene; mr: magnetite. 

Plate number, PLATE IA pLATE IA PLATE IA PLATE IB PLATE IB 
speci~n ~d AT1490 A1 AT1490 A2 AT1490 A3 72/41 Bl 72/41 B2 
analysis n~r 

Mineral anal~sed cpx cpx cpx cpx olivine 
element oxide 

SiO 2 52.94 52.20 51.74 51.71 36.08 

TiO 2 0,27 0.45 0.66 0.78 

AI203 1.83 2.03 3.00 2.27 

FeD + 8.68 9.41 9.16 8.48 27.46 

MnO 0,20 O.21 0.31 0.32 0.38 

MgO 15,86 14.34 15.85 14.19 36.08 

CaD 19,65 20.67 18.58 21.94 

Na20 0,3[ 0.42 0.45 0.31 

Cr203 0.13 0.26 0.25 0.20 

pLATE IC P~TE IC P~TE ID PLATE ID P~TE IE PLATE IE 
72/24 C1 72/24 C2 ATdO D1 AT40 D2 72/41 El 72/41 E2 

opx mt cpx(core) cpx(rim) cpx(rim) olivine 

SiO 2 49.96 0.24 52.52 52.42 51.05 36.94 

TiO 2 0.45 2.94 0.51 0.24 0.94 

AI203 1.35 1.32 1.78 0.50 2.05 0.27 

FeD + 25.39 89.08 10.17 12.64 12.65 27.83 

:.mO 0.96 0.16 0.25 0.43 0.33 0.64 

MgO 20.31 15.51 12.35 15.33 34.03 

CaD 0.93 19.00 20.94 17.38 

Na20(V203)" - 0.97 D.25 0.49 0.5~ 

Cr203 0.21 0.34 

+ Total iron as FeD 

V20 ~ in mt. analysis 
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