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Figures 3. (a) Photomicrograph of tourmaline rimming along a garnet crystal margin, 
note color zonation with black portions occurring closest to the garnet, from the Mt. Mica 
pegmatite. Also note tourmaline filling fractured garnet along the margin. (b) Backscat-
tered electron image of tourmaline (Tur) zonation (a division of two zones is outlined). (c) 
X-ray map for Fe in red, note higher concentration in proximal tourmaline rim. (d) X-ray 
map for Mn in green, note enrichment in distal tourmaline rim. (Zone outlines from 
image (b) are highlighted in (c) and (d)).

Figures 4. Cross-polarized photomicrograph of a corroded garnet crystal margin with 
tourmaline rim and fracture filling 2.5x (white line is 1mm). Note the encapsulated, round-
ed garnet crystal fragments in host tourmaline. (inset) Zoomed image of rounded garnet 
fragments in tourmaline 10x (white line is 1mm, area highlighted in previous image). 
(inset) image description

Figures 5. (a) Backscattered electron image of Pollucite (Pol) and mica fracture filling in garnet (Grt), from the 
Mt. Mica pegmatite. (b) Magnified image from field outlined in image (a). (c) Pollucite following a garnet crys-
tal margin, mica is also present along rim of garnet. From the Mt. Mica pegmatite. (d) Pollucite filling fractures 
in garnet, from the Mt. Mica pegmatite. 

Figure 1. Map of the Sebago Batholith (now Sebago Migmatite Domain) in the Central 
Maine Belt. (inset) Location of Mt. Mica pegmatite within the Sebago Migmatite domain.
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Figure 8. Compositional trends of pollucite from the garnet line in the Mt. Mica pegmatite. The data 
field plotting to the top right of the graph utilizes the standard Si/Al ratio, but with the incorporation 
of Fe3+ in the octahedral site these data groups fall within the field of commonly encountered pollu-
cite compositions. The shaded oval represents a range of pollucite compositions from pegmatites 
around the world Černý et al. (2012), Wang et al. (2004), Teertstra and Černý (1997) and Teertstra et al. 
(1992).

Figures 6. Fe vs Mn vs Ca diagram 
for garnet compositions from gar-
nets in the garnet line at Mt. Mica 
pegmatite. 

Figure 7. Secondary tourmaline rims 
(black-proximal vs. blue-distal) in the tour-
maline discrimination diagram of alkali 
subgroups based on Y-site occupancy, 
based on atomic proportions, Henry et al. 
2011. 

Figure 2. Partial pegmatite 
cross section of the Mt. 
Mica pegmatite. The garnet 
line is beneath a large lepi-
dolite (Lpd) mass. Cleave-
landite (Clv), spodumene 
(Spd). Red dotted line 
marks garnet line. (inset) 
Magnified image of garnet 
line.

INTRODUCTION

DISCUSSION
 Garnet compositions from the garnet line show a wide range of compositions within the almandine-spessartine series (Fig. 6). The core zone of the pegmatite 
in heterogeneous with sporadically developed evolved mineralization and pockets and barren zones. The differences in garnet chemistry are likely attributed to a 
similar process of dispersion throughout the pegmatite. 
 The garnet line represents two unique moments in the crystallization sequence of the Mt. Mica pegmatite. An earlier stage (pre-pocket formation) that pro-
duced the garnets and microenvironment of HFS bearing and REE phosphate species and a secondary stage (syn or post pock formation) marked by the pres-
ence of species that precipitated in the fractures of the garnets. The fluids responsible for the fracture precipitates is inferred to have developed from from the 
material that produced the pockets. The fluid migrated from the source until it encountered a phase that would not be in equilibrium. Blue and black colored 
tourmaline replacement of garnet in the garnet line is one example of these reactive fluid (Fig. 3a-d and Fig. 4). The mechanism for replacement is likely similar to 
the proposed reaction of Buřival and Novák (2015):

23NaAlSi3O8 + 3(Mn2Fe)Al2Si3O12 + 12H3BO3 + 3LiF + HF   =>   
4(Na0.75)(Al1.25Fe0.75Li0.75Mn0.25)Al6(Si6O18)(BO3)3(OH)3F + 44SiO2 + 10Na2SiO3 + 5MnO + 12H2O + OH-

 Tourmaline rim compositions at Mt. Mica fall within the elbaite field (Fig. 7).
 Here we report the highest Fe content in naturally occurring pollucite from fracture filling veinlet’s in garnets from the garnet line (Fig. 5a-d). These pollucite 
veinlets are inferred to have precipitated out of a late stage, highly reactive oxidizing hydrothermal solution. The presence of Fe is interpreted to be the result of a 
reaction with the preexisting garnet. We believe that the Fe is trivalent and substitutes for Al (Fig. 8), as it is a best fit for the pollucite structure and matches the 
predicted stoichiometry perfectly. 
 We suggest that the garnet line is a large-scale boundary layer formed by a process of oscillatory nucleation and crystallization, forming in a similar manner as 
the alternating garnet-albite and quartz layers in the footwall aplite in the San Diego Co., CA pegmatites described by Webber et al. (1997). Above all the garnet 
line is a much more complex micro environment than what has previously been assumed. 
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Six representative samples of the garnet line were collected down 
dip in the Mt. Mica pegmatite. Thin section and polished matrix 
specimens were ground and polished to 0.3 microns and coated 
with 250 Å of carbon prior to analysis. 
 Energy dispersive spectral (EDS) analyses and X-ray mapping 
was done with a AMRAY 1820 digital scanning electron microscope 
(SEM) at the University of New Orleans. Analyses were performed 
with an acceleration voltage of 20 kV, 18 mm working distance and 
a sample tilt of 0°. Iridium Ultra, software package by IXRF systems 
was used for data acquisition.
 Electron microprobe (EMP) analyses were done with a an 
ARL-SEMQ at the University of New Orleans. Garnet, tourmaline, 
micas and feldspar were analyzed under the following conditions: 
an acceleration voltage of 15 kV, a beam current of 15 nA with 45 
second count times and a 2m beam diameter. Zircon, Nb-Ta oxides, 
xenotime and monazite were analyzed under the following condi-
tions: an acceleration voltage of 20 kV, a beam current of 20 nA 
with 30 second count time 2m beam diameter
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The Mt. Mica pegmatite in Paris, Maine, was the site of the ϐirst discovery of gem tour-
maline in North America. The discovery was made in 1820 and the pegmatite is still 
mined to this day. Interestingly, throughout its history miners have used the same 
unidirectional solidiϐication texture as a zonation indicator to locate gem tourmaline 
and other rare mineral species occurring in miarolitic cavities in the most interior 
portions of the dike. 
 The unidirectional solidiϐication texture, referred to locally as the ‘garnet line’, is a 
prominent boundary layer feature occurring throughout the pegmatite. It is found 
just below the core zone, existing between the miarolitic cavity-bearing zone and the 
footwall contact. Beneath the garnet line is another boundary layer composed of 
schorl, however, only the mineralogy and textures of the garnet line are discussed 
here. Both boundary layers are analogous to layers formed by diffusion-controlled os-
cillatory nucleation and crystallization in the layered aplite units that occur beneath 
the core zone of the sub horizontal miarolitic-bearing pegmatites in San Diego Co., 
CA, described by Webber et al. (1997, 1999). 
 The garnet line is composed of euhedral garnet crystals up to 4 cm, ranging from 
66.07-38.12% Spss. The garnets host many primary mineral inclusions. In order of 
abundance these include quartz, mica, tourmaline, zircon, xenotime-(Y), 
monazite-(Ce), and Fe-bearing pollucite (up to 5.69 wt% Fe2O3). The garnets in the 
garnet line have tourmaline reaction rims around their crystal margins. These are 
commonly bi-colored (black and blue) and occur near the most chemically enriched 
regions of the pegmatite. The rim textures are believed to be the result of hydrother-
mal alteration of the garnet by late stage ϐluids, similar to the evidence proposed by 
Buřival and Novák 2015.
 We believe that diffusion-controlled oscillatory nucleation and crystallization 

The Mt. Mica pegmatite is located in Paris, Oxford Co. , Maine. It is situated in the Cen-
tral Maine Blet (CMB) within the Sebago Migmatite Domain (SMD) (Fig. 1). Mt. Mica 
pegmatite is a rare-earth element (REE) miarolitic cavity bearing pegmatite that 
ranges in thickness (1-8m), strikes NE-SW and dips ~20° SE.
 The garnet line is a feature unique to many miarolitic cavity-bearing pegmatites in 
zone. The garnets in the garnet line at Mt. Mica are 0.5-5cm, reddish brown in color 
and euhedral. The garnets are commonly rimmed by tourmaline when they are in the 
vicinity of miarolitic cavities and mineralogically evolved portions of the pegmatite 
(Fig. 2)
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