How Fast Did That Crystal Grow? Quantifying the Growth Rate of Natural Quartz Crystals
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Abstract The Micro-IR technique High-Resolution IR Spectroscopy of Hydrothermal Quartz

Circulation of hydrothermal fluids controls the timescales of cooling in the
Earth’s crust and allows for large-scale exchange of matter between
different levels of the crust. The time required to grow quartz crystals
within these systems governs how long individual fluid-filled fractures
remain open. Every hydrothermal quartz crystal contains small amounts of
impurities that were trapped on the growing crystal face at the time of
mineral growth. The trace constituents record the physical and chemical
conditions that were present as the mineral was growing. Here, we present
micro-FTIR measurements that characterize the morphologic evolution of a
series of quartz crystals grown from a single hydrothermal vein from China.

Our analyses show that each crystal grew as successive layers were added - : .
to the terminal rhombohedral faces. Measurements from different heights The vibrational states of molecules trapped In

within each crystal define diffusion profiles toward the crystal boundaries the CrySta| lattice (such as AIOH, LiOH, HOH,

that document the time-dependent impurity concentrations that were : .« o
trapped during growth; diffusion profiles at the bottom of the crystals are and KOH) are excited by IR radiation. The

hydrothermal quartz crystals that demonstrate growth
more pronounced than profiles observed at the tips. The time elapsed phOtOnS that are absorbed are SpeC|f|C to the e on the six m prism faces does occur in some
between growth at the bottom and growth at the terminus represents a Distance along Traverse (microns)

novel new approach to investigating crystal growth kinetics. energy of each individual Impu”ty SPecies. Figure from lhinger & Zink, 2000 hyd rothermal environments.

Previous work has shown that growth of hydrothermal
rsector quartz crystals occurs predominantly on the terminal
rhombohedral r and z faces (lhinger and Zink, 2000).
“2  Six sector zones with significantly different impurity
concentrations delineate six distinct regions within
the crystal that represent growth on the six terminus
faces without concurrent growth on the six m prism
faces. Here, we present new measurements on
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More than twenty |nd|V|d.uaI qguartz crystals Were extracted from a cl.uster of M iCrO'l R Resu ItS Of Xe rxes

crystals sampled from a single hydrothermal vein from Le Chang, China. Several

crystals were chosen for analysis and sliced into ~1 mm thick wafers FTIR analyses document a 2-stage growth evolution for each
perpendicular to the c-axis. All wafers were doubly polished using 0.3 micron crystal in the LeChang vug:an inner‘core’ formed by growth ‘
alumina grit in preparation for IR analysis. entirely on rhombohedral faces, and an outer rind of even

N thickness formed by addition of material onto each of the six
R prism faces. Diffusion profiles of hydrous species within the
core can be used to quantify the time evolved since
crystallization (see panel below).
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