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Grain growth experiments of quartz aggregates in agate
under 1GPa and 800°C

Hisashi IMoT0' and Katsuyoshi MICHIBAYASHI'

Abstract

We investigated grain growth process of quartz aggregates in agate. The agate samples

were annealed in a piston-cylinder solid medium apparatus (MK65S) of Shizuoka University. The
experiments were performed at temperature of 800°C, confining pressure of 0.5 GPa for 0.5 hr, 24 hr
and 66 hr, respectively. The agates were well crystallized during experiments. Mean grain sizes in-

creased from a few to ten microns with increasing time. Aspect ratios were nearly constant at around
0.7 (b/a; b < a). Shape preferred orientation (SPO) of quartz grains were developed with increasing
time. Crystal-preferred orientation of c-axes, which were primarily girdled, appears to control the

development of SPO with time.

Key words: agate, quartz, annealed experiment, shape-preferred orientation, crystal-preferred orienta-

tion, normal grain growth
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Table 1

Experimental conditions.

1H « BT

date material

(y.m.d)

Sample temperature

No. (°C)

pressure time grain size

(D)

aspect ratio

(GPa) (hr) (short/long)

IMO-005 2007.11.23 agate 800

IMO-007 2007.12.02 agate 800

IMO-008 2007.12.07 agate 800

0.48 0.5 29+1.0 0.67

0.48 24 49+24 0.70

0.50 66 9.6+5.9 0.64
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A1 H 2 TRERUEITR L Tz,
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iZau A Xy Y TR 12 R L EERFEE L7z,
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Specimen assembly used in this study. T.C: thermocouple.
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Fig. 2 Photomicrographs of quartz aggregates in the annealed agate samples after (A) 0.5 hr, (B) 24 hr, and (C) 66 hr, respectively. Cross-
polarized light. Secondary electron images of quartz aggregates in the annealed agate samples after (D) 0.5 hr, (E) 24 hr, and (F) 66 hr,

respectively.

& &R AL ARAT

b G LA 1%, SEM-EBSD ¥ X 7 L CfT - 72 GE#,
2000). EFBEMBEANTOF v — V%S0T, B
EPRTRBILL>TESHIOnmTa—F 4 v 7 LT,
TE NI T R 2B T 2 >~ & —FE @ JSM-6300 %
L7z, DB EIL20kV, EHTE1 < 10°ATHIEL,
f#HT Y 7 + 1% HKL Technology ® CHANNELS % i L
72, WEREELZVWE IR F 121 2% 2REFH
THEER L L3647 o 72,

fEm AL I ECY O WAL R % Fig. 41083, MR

BOETE27 V42 y O ETIZELET. £2TOR
B clliiZ F— R VRO # R LTz, 223 L Cai
EFFWEFEZRLT.

TR

EREROBE

RIFSE D it it R 23 B RL R R 2> BRI R A1z o0
THEHES D720z, M BRI, HEfh i FIhED
M z4Em L7z (Fig. 5). KRG IR L 72 (Fig.



16 x|
O’)
(A) Grain size
O 0.5hr
m 24 hr
0oL [ 2 86Hr
>
[&]
C
g
o A
g A
0t S
BA
A
\ .
[}
\! A A
0 L ‘m g L ..
1 10 100
grain size (micron)
03 : : : :
(B) Aspect ratio °
| | oo0s5hr
m 24 hr
ool | Ae6hr
>
8]
c
[5)
>
o
2
04}
0 —— L L L L L L L *
0 01 02 03 04 05 06 07 08 09 1
short/long
(C) Shape preferred orientation A
010} !
A
0.08} \
>
[}
g
3.0.06
g
0.04 |
0.02
0

0 20 40 60 80 100 120 140 160 180
orientation (degree) of the long axis
with respect to the reference

Fig. 3 (A) Grain size distributions of quartz aggregates in the an-
nealed agate samples after 0.5 hr (open circles), 24 hr (solid
squares), and 66 hr (open triangles), respectively. Best-fit curves
for log-normal distributions are shown. (B) Aspect ratios of quartz
aggregates in the annealed agate samples after 0.5 hr (open circles),
24 hr (solid squares), and 66 hr (open triangles), respectively.
Best-fit curves for log-normal distributions are shown. (C) Ori-
entation distributions of long-axes with respect to a horizontal
reference line for individual grains within the quartz aggregates
in the annealed agate samples after 0.5 hr, 24 hr and 66 hr, re-
spectively.
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Fig. 4 Crystallographic preferred orientations of quartz within the quartz aggregates in the annealed agate samples after 0.5 hr (A), 24 hr (B)

and 66 hr (C), respectively.
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Fig. 5 Mean grain sizes of quartz within the quartz aggregates in the annealed agates with respect to annealing time (¢). The solid line
represents a least-squares fitting for data in this study. The data of Masuda et al. (1997) is shown for comparison.
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Fig. 6 Relationships between shapes and c-axes (black lines) of quartz grains in the annealed agate for 66 hours.
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