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Pristine surface growth features on 100 Ma garnet phenocrysts: Interference
imaging results
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ABSTRACT
Microstructures of crystal surfaces can reveal growth mechanisms. However, original surfaces of
phenocrysts are rare because they are commonly covered with glass or rock matrix. In an unusual
occurrence, microscopic growth features are clearly visible on original surfaces of 100 Ma melanite
garnet phenocrysts of the Crowsnest Formation, Alberta, Canada. Such details as the steps of growth
pyramids are clearly resolved at the 100 nm scale (vertically) in reflected- light Nomarski differential interference contrast (NDIC). However, because of the small step size (<0.5 micrometers), these
features are not resolved in transverse section using a transmitted-light polarizing microscope. In
transmitted-light microscopy, growth features of a thin-section appear indistinguishable from oscillatory zoning. These results suggest that, in general, oscillatory zoning may be surface growth forms
seen in transverse section. Growth of the Crowsnest phenocrysts was both lateral and intermittent
along the crystal face rather than continuously outward from the face, an observation of considerable
significance to the theoretical modeling of natural crystal growth. This empirical study should alert
other workers to the possibility of studying crystal growth using natural magmatic crystals. In particular, this unique Crowsnest material would repay study by diverse techniques.

INTRODUCTION
The samples in this work were collected some years ago by
the author, in connection with a study of the Crowsnest
Volcanics, Alberta, Canada, that are found about 50 miles north
of Montana (Pearce 1967, 1970). The samples come from an
outcrop on Alberta Highway no. 3, just west of Coleman,
Alberta, Canada (Latitude 49° 30', Longitude 114° 30') and,
regrettably, highway “improvement” has removed the part of
the outcrop containing the garnets.
Andradite garnet, Ca3Fe2(SiO4)3 is cubic, yellow (becoming black with increasing Ti substitution, (variety melanite),
and quite hard (7 on the Mohs scale). It has no cleavage and
favors dodecahedral {110} and trapezohedral {211} crystal
forms. The garnets in this study [see Pearce (1967) and Dingwell
and Bearly (1985)] are rhombohedral dodecahedrons up to 5
mm across usually with 12 faces of the same size, although
twinning is not uncommon, (Fig. 1). The crystal faces have an
astonishing optical quality considering their great age (Lower/
Upper Cretaceous boundary, 100 Ma) and geological complexity (burial metamorphism followed by uplift, erosion, and
weathering). The samples come from a trachytic tuff bed in the
lower part of the Formation. Sanidine, garnet, cognate rock
fragments, and aegirine-augite crystals in a green matrix (probably devitrified glass) make up the important tuff bed. Considering the mineral composition and the explosive character of
the volcanics (Pearce 1970, 1993), the liquid from which the
garnet crystals grew was trachytic and contained volatiles (probably H2O and CO2) at a temperature of up to 1000 °C, but the
pressure could not be well constrained. The liquid likely had a
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mantle-derived component, as implied by the garnet’s low initial Sr-isotope ratio of 0.7038 (Pearce 1993), thus the pressure
during the earliest growth of the garnet may have been high
(approaching that of the mantle). The chemical composition of
the magma was similar to Crowsnest trachytes (SiO2 = 54.8,
TiO2 = 0.35, Al2O3 = 20.2, Fe2O3 = 3.00, FeO = 1.21, MnO =
0.165, MgO = 0.22, CaO = 3.58, Na2O = 3.44, K2O = 8.50, SrO
= 0.10, BaO = 0.08, all in wt%).
It appears that the significant hardness and chemically inert
character of the garnet allowed it to be released from its enclosing tuffaceous matrix during weathering with little damage to the original surface. As a result, the present surfaces of
many samples contain textbook-like examples of growth forms,
some predicted from theory (Burton and Cabrera 1949, Frank
1949, Burton et al. 1951) and known in the field of synthetic
crystal growth (e.g., Verma 1953; Tiller 1991b), as well as from
the interferograms of Tolansky (1960, 1968).

METHODS
Nomarski Differential Interference Contrast (NIDC) is an
interference technique and, as such, it is not diffraction-limited (i.e., wavelength) except in plan view. An NDIC “photograph” may have a resolution of 0.5 micrometers in plan (x-y)
view (as in a normal photomicrograph). However, in the z-direction (height), the resolution is much higher, being only limited by the method of resolving the phase difference of the
interference fringes. In the present case, in which we are recording an image of topography, we may have a photograph
with micrometer resolution horizontally, which has nanometer
resolution vertically. Thus, if we consider a step pyramid, we
can measure it’s height in micrometers to ± about 10% using
the micrometer scale of the research microscope. We can also
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