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(1) Motivation (2) Sample characterisation (3) Observed garnet zoning
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e \WWas garnet growth interface-controlled or diffusion-controlled?
e Were there significant deviations from equilibrium conditions during
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population and (4) forward modelling
of the sizes and compositions of the
population using an equilibrium cryst-
allisation model.
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Figure 3.1 - Garnet compositional line profiles through composi- o T high =4
tional cores of grains that are representative of the sample 24-99 CSD. Ejgyre 3.2 - X-ray maps of representative garnet crystal

e Systematic core-rim zoning of whole population. sizes. Flame structures highlighted by dotted boxes, Ca
discontinuity marked by dashed white line.

800 |

T himal Batholith ‘ ;
[ ] Transhimalayan Batholi lsograds ordering

B Indus-Tsangpo & Northern Suture Biotite

E Kohistan-Ladakh Terrane ———- Garnet

[ ] Tethyan Sedimentary Sequence Staurolite
|| Greater Himalayan Sequence Kyanite
I Imbricate Zone Sillimanite

I Lesser Himalayan Sequence % Sample Locality

number of grains
)
o O
S O

T_252

e Progressive core composition change from large to small crystals.
e Steepening of compositional gradients from large to small grains, prounounced in Mg.
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[ Lintse Gneiss MCT: Main Central Thrust Figure 2.3 - Reduce3D (Hirsch, Figure 2.4 - Crystal size distribution (CSD) as de- All compositions appear to retain primary compositional signatures, with little diffusional modification .

E Molasse (Siwaliks) STD: South Tibetan Detachment . . . .
2011) textural statistics. Clustering yormined from segmented XR-uCT. Black arrows

of crystal centres at > 0.44 mm. Smaller

, 3 highlight size classes from which garnets have been
than average grain radii at <0.7 mm.

isolated and analysed in detail.

Figure 1.1 - Regional geological map of the Sikkim Himalaya, and its po-
sition within the Himalayan orogen (inset). Sample locality highlighted.

(5) Implications

Size Class 1 100 °C Ma't Size Class 10 As a consequence of very rapid rates of prograde metamorphism in the Sikkim Himalaya, in-

(4) M Od e I IEd ga i Et Che m iSt ry Figure 4.2, below - Modelled increase in G025 r=mfe. j _ 08 g0 =N , - excess of 100 °C/Ma, the primary compositional zoning within all garnets of a population has
radius and volume of largest simulated garnet =, T~ 0. been preserved. This zonation yields the following implications:
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B. The whole population crystallised as a succession of approximately equilibrated states, as
evidenced by ability to accurately forward model compositions and sizes of garnet with an
equilibrium model.
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Garnet growth is simulated assuming a size-
independent radial growth rate, as the suces-
sive addition of spherical shells: —

Grs 5 ' 0 s | | . i S C. Radial rate of growth progressively decreases through the crystallisation interval, result-
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spss y ing from increases in the interfacial term, 0, and decreases in the interface curvature, R, with
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| increasing P—T according to:
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dt R
D. Diffusion may be the rate-limiting step at lengthscales < 0.7 mm, as indicated by Reduce3D
results. If this is the case, diffusion-control cannot have been significant enough to dramat-
\ VA cially affect observed compositions. However since this system is so well equilibrated, it is diffi-
900 ° 300 600 900 cult to distinguish the true contrbutions of interface- and diffusion-control. Notable evidence
for disequlibrium may only exist in the Ca-oscillations observed in compositional profiles.
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Figure 4.3, right - Results of major end-member
THERIA_G modelling along P-T path above, for
Late nucleated | garnet compositional profiles displayed in Fig.

| 3.1.
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Best fit P-T path (Fig. 4.1b) with heating rates of

Figure 4.1, right - (a) P-T phase equilibria for bulk 100°C Ma-1. These rates are consistent with
composition below, with observed assemblage & Lu-Hf garnet geochronology by Anczkiewicz etal. ) . . -l
highlighted in red. Incipient garnet growth < 10°C Rim compositions & crystal sizes predicted. o e

from garnet-in curve (b) Best-fit P-T path and Core composions are within error for all but
evolving garnet-in contour as growth and fraction-

ation proceeds along P-T path.
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Excellent fit in smallest size classes 14 and 16.




