Origin of poikilitic garnet in a Ieucog ranite dike 3. Garnet & quartz crystal orientations

Electron backscatter diffraction was used to determine crystallographic orientations in garnet
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and in both groundmass and inclusion quartzes.
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Ewp. densities [mud):
tin= 0.00, tax=18.89 ¢ 1 mm

1. What is the problem? 2. Geological setting, petrography & chemistry

[

Garnet is not uncommon in granitoid rocks, but its origin  The sample studied comes from a Caledonian 1-10 metre wide peraluminous leucogranite dike at St. = 'Cmrcircled n o
Is contentious. Ruuan on the Isle of Man. It is characterised by three main textural components: ) 120} pole figure ﬁglgr;zo C;;ﬂi?&‘;gﬁgrl‘éigﬁ'eegmh?Q;Tweforgecsn“éigrfg;ﬁoo
What n_lechanlsms have_ been propos_ed? 1. an equigranular sub-10000m groundmass with a poorly defined shape fabric; The clumped garnets have similar crystal quourrz qiains in the Surroundingqgrousngmgss’l anor both datasets
In a review, Clarke (1981) listed the following 2. xenocrysts and aggregates of coarse, >1mm, Qtz, PI, Ksp and Ms; orientation. .. ihe crystallographic preferred orientation (CPO) is uniform.
mechanisms: 3. garnet grains typically showing faceted margins and tending to occur in >1mm clumps or ¢ Lisarele glomatocrysic grains or connected as ® The development of an SPO has not resulfed in any significant CPO.
® Derivation as a refractory restite phase from the zone of clusters. The garnets are strongly poikilitic with included grains being almost exclusively quartz, e Small size of outliers favours discrete grains? ¢ The inclusion forming process has not resulied inany “selection” of grains

partial melting. but inclusion free where in contact with xenocrystic plagioclase. on @ erysialogiaphic bass
® Derivation as refractory xenocrysts from porphyroblasts in Groundmass quartz CPOs Inclusmn quartz CPOs

high-level pelitic country rocks. s 2 ot | s o ® Xenocrystic phases show PPL & XPL Images — T, e, T, N S Nt o —
O G en erati on in th em al’gin al faCi es Of 3 granite bOdy as a3 ] IL‘.’”:” o z ) UndUIOse eXt|nCt|0n, as PR | Ve gaa 7 Bt LN o W I T, [F'm':p] e

result of reaction between magma and pelitic xenoliths rich D SRR e B2 does quartz in the e e | :

iIn Al and Mn relative to the melt. * groundmass. Quartz _ 3343““ nosen
® Reaction between early-formed phases and silicate melt, inclusions in garnet do = i e 2

]
for example: Liq + Bt O Grt + Ms or Liq + Als + B Grt . not show undulose = : ;E

extinction.

® Garnet appears to partly
replace plagioclase.

® Quartz inclusions look
similar size to matrix

® Nucleation directly from the silicate melt, especially in
aplites and pegmatites, as late-stage differentiation
increases the Mn / (Mn + Fe2* + Mq) ratio sufficiently to
stabilise spessartine-rich garnet.
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T e i"f"'f" R Clumped or clustered garnets have similar crystallographic orientafion, suggesting:
R s . R ® ihey either "know” something about each other, or

® fhey are inferconnected in 3D

guartz grains.

Essentially, 4 principal scenarios... i ) ; ; ;
I Xonoorysts. L 6. Discussion 7. Conclusions
.Garnet crystals grown by Solld-State replacement. Di
. . id garnet form as xenocrysts? = .= -
3. Garnet formed by reaction between solid or early—formed 09 M Decision Time - melt or
. . Ternary minimum
phases and gran|t0|d melt. oTernary eutectic Composition Xenocrysts of other phases are present - >
4. Garnet crystallized directly from the granitoid melt. 02Gpa) 8 * sRMGD Si0,  74.63 Against . _ solid state - or both=
1 Gpa . Tio 0.04 Xenocryst grain sizes are much larger than those included in garnet.
Oy V2 ' Faceted outlines - no evidence of reaction with melt. Butni (2002 Min M )
= AlLO, 1496 Similar quartz inclusion and groundmass grain sizes and shapes. utnis In Mlag):
Ab ; _ J
3. Quartz size & s hape data tro P e < e t2ds ) Groundmass gamet appears o cul across xenocryst outiines, “The precondition for a dissolution-
Quartz crystal size distributions (CSDs) and shapes were *Avg.Crust  xfAvg fpper Crust 7 Av fower Grust MﬁO ggj Q;Qer: 3730 © Did garnet grow by solid-state reprecipitation reaction is merely that a
measured in the groundmass and in garnet inclusions to High SiO: content suggests Qtz .. 467 Pl 2 28% replacement? solid phase or phase assemblage is out of
investigate relative timing of garnet growth. may have been first phase on Na,0  5.41 Y S Egﬂmtic e equilibrium with a fluid phase, and that re-
Quartz Grain CSD . the liquidus as also suggested K,O 3.62 Bt =1% Qtz inclusion sizes similar to Qtz in groundmass. equilibration may be achieved by the
uartz Grain S e CSD anal s that 9 q = 1 Eo L IO
_ . analysis reveais tat groundmass ar b roundmass mode. However. P.,O 0.05 Grt =1.5% Absence of feldspar and muscovite inclusions. rvstallisation of a “different” lid ph
. e inclusion quartz have similar size/population YJ : , 25 : Acc. =1% itz alusisred grmmes ae s kel C y_S a. ISAlion O a dilfere _SO Id pNase.
z 1. slopes, buit inalusion quartzes extend to finer need to be careful that — 0.48 M romen B abeRANT R i Against This difference may be chemical or
- 1ZES. T : : . .
%e o ® No evidence for garnet attempting to include Composmon and mode not cht:a,\llK =102.‘51: I&[h? g?rn.ets glr:eoncd)fcﬁclust?t[ed but a(;e dlscheItDeOgralns. textural, and the fluid may be a Slmple
2% °7 >1mm xenocrystic quartz ffected bv addition of ' « METHsIon ST 10 JTOHNTmMAss | lution melt or anything Iin
= ® Finer grain sizes in inclusions are not a simple alrec y Did t b ti bet It aqueous sofution, a meit or anything |
§ 1 function of sequential entrapment during xenocrysts... Id garnet grow by reaction between me between.
0 ; -~ - - - quartz growth f‘ B(t')
"~ Length (mm) | or (the reactions: Lig + Bt 0 Grt + Ms or Liq + Als + Grt) B : ; ;
. T oth solid and liquid?
Quartz Grain SPOs 4 G t h t Absence of biotite. | |
OCImaQe of Qtzmclusmns : : arne C e m IS I'y Absence of aluminium silicate. ® Perhaps the Mn-rich garnet crystallises
.','",..- ', i .:_, A K, '1' “ ‘,"-‘i_{-‘ AgainSt i i i i
R , s e 0 -

-w Garnet shows zoning profiles with high Mn (Sps) between 40-50 mol% in cores and significant Ca No evidence of biotite or aluminium silicate having been present. from a final stage granitoid melt/tluid, but
contents (Grs) between 12-25 mol%. Fe-content (Alm) is antipathetic with Sps. Mg-content (Prp) is No evidence of muscovite intergrown with gamet. rather than produce lots of small spatially
very low. In general garnet compositions are similar to those reported from granites. Did garnet grow from the granitoid melt? separate crystals it has made a few large

TR : e Mn For ones.
Inr::lt;;on GrouEdmass | . Igneous garnets defined by ggﬁ(ﬂﬁ%r?éft:?eeur]edral grain Shapes' ‘ ThiS Wi” have inVOIVGd diSSOIUtiOn
ol e o Miller & Stoddard (1981) Similar chemica.l composition to published “granite garnets”, high (PI+KfS+MS) and preC|p|tat|On (Grt),
quartzes show a distinct SPO, \ _ MnO contents and | . ’ 1 : :

Note that there is no simple relation whereas inclusion quartzes do not. B This study ’ A tclonten s an d_norrrla £oning. bility of gl " Supported by the “clean” Grt in contact with

between size (or shape) of Qtz ® SPO function of flow during emplacement or y garne t'C ui ers are discrete grains, possibliity ot glomerocrystic ground mass and xenocrystic Pl and

crystals and distance from the core. subsequent deformation? ?S&rlei?laslton. favouring 3 skeletal geometry ’

. - \ Absence of feldspar and muscovite inclusions. ; : P

® Gamet grOWTh s affer grOUﬂdmOSS C]UCITTZ grOWTh, out betore | | | O Glomerocrysts — poikilitic texture suggests granite largely crystallised ® If the garnet IS Skeletalv mlght It_ have

the development of Qfz SPO and undulose extinction. A e 0 Mg ~ Fe making movement of garnets through melt difficult? grown along end-stage melt/fluid




