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abstRaCt

Distinctive quartz-rich unidirectional solidification textures (USTs) occur in apical carapaces of 
the Sn-mineralized Heemskirk Granite in western Tasmania (SE Australia). They are spatially associ-
ated with abundant tourmaline-filled orbicules and cavities that have been overprinted by widespread 
tourmaline-quartz veins. Multiple UST-quartz layers that are intercalated with aplitic layers, and can 
locally extend for hundreds of meters. Individual UST layers consist dominantly of hexagonal quartz 
(>95%) with minor K-feldspar, plagioclase, biotite, muscovite, and magnetite. Scanning electron 
microscope-cathodoluminescence (SEM-CL) reveals that the aplitic quartz is homogeneous and 
CL-bright with minor CL-dark patches. The bases of the UST quartz crystals are homogeneous and 
CL-bright with minor thin CL-dark fractures, whereas the trigonal apexes of the UST-quartz display 
CL-oscillatory growth zones. LA-ICP-MS analyses show that UST-quartz has lower Ti, Li, and Sn 
than aplitic quartz, but higher Al, Li, Na, K, Mn, Fe, Ge, Rb, and Cs concentrations. At a pressure of 
ca. 1.3 kbar, the Ti-in-quartz geothermometer yields temperatures of 545 ± 40 and 580 ± 20 °C for the 
UST and aplitic quartz, respectively. The UST-quartz has higher Al/Ti values of 5.8 to 32, and Ge/Ti 
values of 0.02 to 0.16, than quartz phenocrysts in aplite layers, which is consistent with crystallization 
from a highly evolved fluid. The O-isotopic compositions (+5.1 to +10.2‰) of UST and aplitic quartz 
are consistent with magmatic source circulated by minor meteoric and/or formation waters. Magnetite 
crystals in USTs have low Cr, V, Ni, Co, Cr, Sc, and high Ti, Al, Mn, Sn, Ga contents, and are overgrown 
by chlorite. These minerals are interpreted to have formed at UST-melt interface where hydrothermal 
fluids reacted with igneous minerals. The results show that the UST layers in the Heemskirk Granite 
precipitated from magmatic-hydrothermal aqueous fluid exsolved from granitic melt during emplace-
ment into the shallow crust (6–10 km). Such UST layers are characteristics of mineralized intrusions, 
and therefore provide significant indications for mineral exploration.
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intRoDuCtion

Unidirectional solidification textures (USTs) are defined 
morphologically as mineral crystals grown in one direction 
from a solid groundmass (Shannon et al. 1982). Three principal 
types of USTs were recognized by Shannon et al. (1982) at the 
Henderson porphyry Mo deposit, including crenulate layers 
composed mainly of quartz or alkali feldspar, dendritic layers 
consisting of branching or plumose quartz and feldspar crystals, 
and intergrowth layers in which quartz is intergrown with alkali 
feldspar. Crenulate quartz layers, also known as comb quartz 
layers, are common in porphyry intrusions associated with many 
types of magmatic-hydrothermal ore deposits (Shannon et al. 
1982; Carten et al. 1988; Kirkham and Sinclair 1988; Lowenstern 
and Sinclair 1996; Kirwin and Seltmann 2002; Lickfold et al. 
2003, 2007; Wilson et al. 2003; Harris et al. 2004; Breiter et al. 
2005; Cannell et al. 2005).

Such comb-quartz UST layers have been described variously 
as ribbon rocks, ribbon banded structures, rhythmically banded 
textures, brain rocks, ptygmatic veins, wormy veins, and Willow 

Lake-type layering (Kirkham and Sinclair 1988; Lowenstern and 
Sinclair 1996). Quartz is predominant in the comb layers, which 
often contain minor amounts of other minerals, such as alkali 
feldspar, plagioclase, biotite, tourmaline, and fluorite, as well as 
sulfide minerals. Breiter et al. (2005) documented feldspar- and 
zinnwaldite-dominated UST layers within a highly fractionated, 
volatile-rich peraluminous granite associated with Sn, W, and 
rare metal mineralization from western Krušné Hory Mountains 
(Czech Republic). Harris et al. (2007) reported magnetite-bearing 
USTs from the Ridgeway porphyry Au-Cu deposit in New South 
Wales (Australia).

Comb-quartz USTs typically alternate with aplitic interlayers. 
Anhedral quartz crystallizes from the granitic roof or walls, with 
an irregular contact with the aplitic substrate. The elongated axes 
of the comb quartz crystals are generally perpendicular to the 
plane of the UST layers. Their basal, inward-directed termina-
tions (apices) have hexagonal morphologies, which point to the 
direction of progressive crystallization (Shannon et al. 1982; 
Kirkham and Sinclair 1988). Comb-quartz USTs typically occur 
in the roof zones or less commonly in the walls of shallow, apical 
intrusions linked to Cu, Mo, Au, and W mineralization in a broad 

American Mineralogist, Volume 104, pages 100–117, 2019

0003-004X/19/0001–100$05.00/DOI: https://doi.org/10.2138/am-2019-6534       100 

* E-mail: wei.hong@utas.edu.au




