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Broken Texture of Free Crystals Contained in Pumice Fall Deposits

Maya YAsur* and Yuriko SUGANUMA*

The morphology of free crystals contained in fifteen pumice fall deposits from eight volcanoes in Japan was

observed. Although most of the crystal faces are filmily covered with vesicular glass, broken surfaces are observed
in many free crystals. The ratio of length of broken surface (b) to the total circumference of a crystal (a) “b/a
value” in the 2-D picture was measured for plagioclase free crystals contained in the deposits. The b/a values vary
from sample to sample and each sample has a wide distribution of the value on the frequency diagram. Previously,
broken free crystals in ignimbrites have been reported in many cases, whereas enough has not been known for
pumice fall deposits. From the results of this study, broken free crystals are common also in pumice fall deposits

indicating that abundant broken free crystals are produced through the eruptive process of explosive eruptions like

plinian and subplinian style.
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Fig. 1. Method for measurement of b/a value of
free crystals in this study.
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Fig. 2. SEM images (SEI) and photomicrographs showing the morphology of broken crystals. Grain size is
between 1 and 2 mm for the photos 1, 2 and 4, 0.125 and 0.25 mm for 3. ( ) shows the name of tephra listed
up in the 2—1 subsection in the text. (1) Pyroxene free crystal with a large depression (Hr-FP). (2) Broken
surface of an olivine free crystal (As-A). Arrow shows striation-like texture developed on the broken surface.
Vesicular glassy mantle on the crystal surface can be seen on the right hand side. (3) Arrow shows an
unbroken orthopyroxene free crystal with vesicular glass cover. Upper left orthopyroxene is a highly broken
crystal debris. Its broken surfaces are indicated by gray lines (Ko-d). (4) Broken orthopyroxene free crystal
of which the whole outline is coated by thin vesicular glass (Hr-FP). White lines show broken surfaces. (5)
Broken plagioclase contained in a pumice clast (Ta-a). Section of inner zoned structure is exposed on the
broken surface indicated by a white line. Crossed nicols. (6) A breaking plagioclase contained in a pumice
clast (As-A). Crossed nicols.
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Fig. 3. Schematic illustration showing type of
broken free crystals contained in pumice fall
deposits.
Type A: Outline of crystal is composed of

original crystal face and broken surface.
Outline is filmily covered with vesicular glass
except its broken surface. Type B: Outline of
crystal is composed of original crystal face and
broken surface as well as that of Type A.
However, outline is completely covered with
thin, vesicular glass. Type C: Whole outline is
composed of broken surface.
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Fig. 4. Sketch of a breaking crystal-clot contained
in a single pumice clast of As-B’. It is
composed of plural crystals of plagioclase (pl)
and single orthopyroxene (opx). Chemically
normal-zoned, over-growth (dotted zone) can be
seen along the crystal faces, whereas broken
surfaces have no over-growth. Note that large
bubbles between broken surfaces and canal-like
glass inclusions contained in plagioclase are
continuous. A representative example of it is
shown by a frame in the figure.
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Fig. 5. Histograms showing frequency of b/a value
for the eleven pumice fall deposits with andesitic
composition. Grains between 1 and 2 mm were
measured here. () shows age of the eruption.
(1) Tarumai volcano: Ta-a (1739 A. D.), (2)
Ta-c (2.5~ 3 ka), (3) Hokkaido-Komagatake
volcano: Ko-a (1929 A.D.), (4) Ko-d (1640
A. D.), (5) Haruna volcano: Hr-FP (mid-6C),
(6) Asama volcano: As-A (1783 A. D.), (7)
As-B’ (age is unknown), (8) As-B (1108 A.
D.), (9) As-C (4 C), (10) Shinmoedake,
Kirishima volcano group: Kr-SmK (1717 A.
D.), (11) Sakurajima volcano: Sz-1 (1914 A.
D.).
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Fig. 6. Histograms showing frequency of b/a value

for the four pyroclastic flow deposits (shaded
columns) and the four pumice fall deposits
(solid columns) with dacitic to rhyolitic
composition. Grains between 1 and 2 mm were
measured here. ( ) shows type of deposit and
eruptive age.
(1) Kikai caldera: K-Ky (ignimbrite, 6.3 ka),
(2) Ata caldera: Ata (ignimbrite, 85~105 ka),
(3) Toya caldera: Toya (ignimbrite, 90 ~ 120
ka), (4) Shikotsu caldera: Spfl (ignimbrite, 31~
34 ka), (5) Shikotsu caldera: Spfa-1 (pumice
fall, 31 ~ 34 ka), (6) Asama volcano: As-K
(pumice fall, 13~14ka), (7) Asama volcano:
As-YP (pumice fall, 13 ~ 14 ka), (8) Aira
caldera: A-Os (pumice fall, 25 ka).
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