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Abstract

Cluster textures of amygdaloidal globes found from meta-tuffs in the upper part of the Akazawa
Formation (Cambrian), Hitachi metamorphic rocks, Hitachi City, are morphologically described to consider
the origins based on 1) polished rock surfaces, 2) thin sections, 3) micro-focus X-ray computed tomography
scanning images and 4) their three-dimensional printed acrylic resin molds of globe clusters. The clusters
comprise two types of globe <3 mm in diameter: 1) mantled globes consisting of an aggregate core of fine-
grained felsic and opaque minerals and a mantle of fine-grained felsic minerals, and 2) spherulitic globes
composed of radially oriented crystals or filled by mono-crystalline quartz or plagioclase. The clusters, which
are several tens of millimeters thick and 10 centimeters long, are contiguously arranged along the bedding
plane in general.

The two types of globes within the clusters occasionally exhibit linear to radial, or semi-circular
orientations, or grading. Many mantled globes are connected with thin stringy parts, forming some tufts. These
silicified amygdaloidal globe clusters may be different in formation mechanism from amygdaloidal textures
and spherulite of igneous rocks. They may have originated from some colonial animal body and subsequently

been replaced by silicate minerals, though the corresponding animal was not identified in this study.

Key words: amygdaloidal globe cluster, creature origin organization, X-ray CT scan, 3D-mold, meta-tuff,

Cambrian, Akazawa Formation, Hitachi, Abukuma Mountains.
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Fig. 1. Geological map of the Hitachi district. Fm: Formation;
LA-ICPM: Laser Ablation Inductively Coupled Plasma Mass
Spectrometry; R.: river; Re-Os: Rhenium-Osmium radiometric
dating; SHRIMP: Sensitive High Resolution lon Microprobe.
The central rectangle shows the area of Fig. 2.
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SATROIL RO F gLz, R H->Th v T
T RARRER S v 7)) TR REE DR < AR
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Fig. 2. Geological route map of the Kanayama area. T: Town.
The rectangular area surrounded by a broken line shows a
representative area in the schematic columnar diagram of Fig.
4. Two arrows indicate the localities 1 and 2 of Fig. 3A and B,
respectively.
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Fig. 3. A: Bedding within tuff and lapilli tuff at locality 1 in
Fig.2. The arrow shows the upward direction of strata. B:
Outcrop of amygdaloidal globe-bearing meta-tuff at locality
2 in Fig.2. The bedding plane is nearly vertical. C: Polished
surface perpendicular to the bedding plane in a fluvial gravel
(sample 20180204H) bearing amygdaloidal globe clusters 2-7
cm in diameter. Amygdaloidal globe clusters are indicated
with a broken line. The two-way arrow indicates the bedding
plane. D: An enlarged photo of the cluster d of Fig. 3C. E:
Polished surface perpendicular to the bedding plane in a beach
gravel (M1C1) bearing amygdaloidal globe clusters 2-5 cm in
diameter. The two-way arrow indicates the bedding plane. F:
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An enlarged photo of cluster f in Fig.3E. Most whitish globes
are broad bean-shaped and composed of whitish mantle and
dark core. G: Polished surface of the bedding plane in an
amygdaloidal globe-bearing beach gravel (M2A1). The globes
are 0.5-3 mm in diameter. The arrows indicate a right mantled-
globe and two left conglutinated mantled globes. H: Polished
surface perpendicular to the bedding plane in a beach gravel
(M3G1) of epidote-rich meta-tuff. An epidote-rich globe
cluster inside of the area surrounded by a dotted line shows a
tufted-cluster like grapes. Qtz: quartz.
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Fig. 4. Schematic stratigraphic columnar diagram of the
amygdaloidal globe-bearing meta-tuff, Kanayama Limestone
and their neighboring strata. The measured area is shown in
Fig. 2. Fm: Formation.
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Fig. 5. Several types of the amygdaloidal globe distribution
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Table 1. List of sample details such as sample number, occurrence, locality, observation and storage facility.

and orientation patterns on polished sections perpendicular to
the bedding planes in meta-tuff. A: Two amygdaloidal globe
clusters (M1C1). Left cluster with an inward gradation of
globes in size and density (see an arrow). The black two-way
arrow indicates the schistosity plane. B: Globes are oriented
linearly and size-graded upward (sample OKG). C: Enlarged
mirror-image photo of the cluster g on Fig. 7A, 7E (M2B1)
for comparison with Fig. 9. Six globes (nos.1-6) are arranged
semi-circumferentially. Two globes are connected with white
stringy part (arrows). Mantled globes are numbered from
1 to 10 for the explanation in the text. The two-way arrow
indicates the bedding plane. D: Radially-oriented globes in
the left cluster circled by a broken line in d of M2B1 (Fig.7A).
The black two-way arrow indicates the schistosity plane. E:
A milky-white band in AY2. The small quadrangle shown
by a broken line indicates the area of Fig.5F. F: An enlarged
photo of the quadrangle area in Fig.5E. The milky-white
band consists of mantled micro-globes of less than 0.2 mm in
diameter and a few needle-like parts.
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M1H* EHIITH {7 1 EXIN ER/SL I i HURECH - ALIRER - FLE B
M2A* EHII T 1 ESEN P L ABACEET - ARG - FLE B
M2B* B I 1 FEfk - CT P 1 FIRRLAR - WP IRACH) - MR
Mm2C | T 1 E(N L1 FYJEARBLE ) - ALIRES
M2D B {1 EES i WAL - BGHIRECEY - MERER
M2E B 1 P EXES L WA E
M2F B {1 FEAE - Rt H 2t HERED - FLE IR
M2H = {1 ESIN H ki HLLBE - FJEIRACE - AR
M2J* EHII T 1 EE - EfAS 1 e ERAR - AERET
M3A B T 11 ESEN EfAS 1 PEARALHY - AR
M3B B T 1 ES(S A1 Wl ERIRE A - ALIRER
M3C B {1 EES A1 kAot
M3D BT T 1 P EES H i fkAEAIL - BARALE]
M3E B HI {1 ESES H ki fkAEAL - DEIRACY

(#2 <, to be continued)
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ORI ME (X 6A-C).
1b) /N REER MR & ZLE e mantled micro-globe
and milky-white band: % 0.2 mm LLF O 7% B

KT, WA THRE SN EOKE L Aol
ERHPO LD, MMEEERESESG L CALAA
RS % (X SE, F).

2. EREHEER(R  spherulite

2a) ¥ 4 7 1EkH type 1 spherulite: TZOD(AO) G
BIERMHC, RIEHRE L& (WD, E). D
s SR Rk, AR D% iEPl)uBﬁ>Hi
IR, YA T2HBECRZILZENDH .

2b) ¥ 4 7 2 kY type 2 spherulite: B IEEREE T

H DA, AR S 72 2 EREET S (X
6F, G).

3. R4 A1k amygdaloidal globe cluster: #3{— ik Ek
1R & RPEERADSEE LT, —20EGHEEES.

4. FARFEE stringy part: B EERA A SMHONTB Y, 2
WO BEHREZBENTWDE 2 E2H 5 ([X5C,
6A).

5. A L7-#EEEkfk  conglutinated globe: @ Bk fk s
2-3 filffi A L C— L L T 2 4l (1N 3G).
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HH, ZORMKEr T v s TEMLTYS, DEE R
#} 2017012503 F D ¥ 4 T 1 KO =a )V &+ =
DVEE, BEREEA R AP % & THERL S D
&, BRI L 2y, ¥4 T 23RS P FHR
i, Ep: #%fff1, F & G: 30K 2015033005 H1 D FHEHS &
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Fig. 6. Thin section photographs of mantled globes, type 1
spherulites and type 2 spherulites. A: Open-nicol photograph
of mantled globes in the sample M2J. The globes consist of a
clear mantle and a dusty core, and are connected each other
with stringy parts. The three small globes on the right side are
conglutinated. B and C: Photographs (open- and cross-nicol)
of an another mantled globe in M2J. This globe is displaced by
a crack. D and E: Photographs of the type 1 spherulite (open-
and cross-nicol) in sample No.2017012503. When the core is
composed of epidotes and/or amphiboles, the core becomes
dark like the type 2 spherulite. Pl: plagioclase, Ep: epidote. F
and G: Photographs of the type 2 spherulite (open- and cross-
nicol) composed of two parts (mantle and core) in sample
No0.2015033005. The mantle is composed of very fine-grained
plagioclase crystallized at right angles with the spherulite rim.
The core is a medium-grained plagioclase-aggregate. The
arrows indicate very-fine-grained amphibole needles in the
matrix.
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Fig. 7. Distributions of mantled globes, spherulite, conglutinated
globes and their clusters on polished sections perpendicular to the
bedding planes. A: Division of 10 amygdaloidal globe clusters (a—j)
in M2B1; B: Clusters a and b, C: Cluster c, D: Clusters d and e, E:
Clusters f and g. The right half of cluster g is equivalent to Fig. 5C.
F: Clusters h—j, G: Dispersed and graded spherulites in meta-lava
from a river gravel at Machiya (N0.2019120501). The blue and red
dots indicate the type 1 and type 2 spherulites, respectively.
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Fig. 8. Diameter frequency diagrams of amygdaloidal globes
and spherulites. Diameter =/ long diameter X short diameter.
A: Group 1 (the spherulite predominant type; M2B1-abj); B:
Group 2 (the competed type of mantled globe and spherulite;
M2B1-cdfi); C: Group 3 (the mantled globe predominant
type; M2B1-egh); D: Reference sample of the unaggregated
spherulite from Machiya.
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Fig. 9. Three-dimensional scan color images 12 mm high and
wide of the amygdaloidal globe cluster g in M2B1 (upper half
of Fig. 5C and Fig. 7E-g). A: Slice image number 50 (number
on the depth side)/199 (total number) with 15 um interval,
B: 70/199, C: 90/199, D: 110/199, E: 138/199, F: 151/199.
Mantled globes and stringy parts are colored, and matrices are
transparent. Numbers 1 to 25 indicate the individual globes for
the explanation in the text (see Fig.5C). The globes shown by
blue, light blue, yellow and green are isolated from the red-
colored connected globes.
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Fig. 10. The three-dimensional (3D) acrylic resin mold of the
amygdaloidal globe cluster g in M2B1. A: External form of
the 3D-mold, B: Transparent image showing connected globes
inside the 3D-mold on the bottom view (the arrow of A).
Affixed numbers are the same as those of Figs. 5C and 9. Most
globes are unidirectionally connected up-and-down in Fig.
10B and perpendicular to the upper surface of Figs. 9and 10A.
sp: stringy part.
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Fig. 11. A: Semitransparent resin mold of only amygdaloidal
globes (same as Fig.10B). The isolated globes are supported
by some straight resin bars. Affixed numbers and abbreviation
are the same as in Figs. 9 and 10B. B and C: close-up views
of the stringy part 1, 2, 3, each connecting two globes. D: The
central hollow viewed from the bottom side of Fig.11A.
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Fig. 12. A: The arrows indicate the sponge spicule-like texture
observed in an amygdaloidal globe cluster and its matrix
(M1H2). AGC: amygdaloidal globe cluster. B: The arrows
indicate a sponge spicule-like texture observed around and
between amygdaloidal globes (No. 2015060204). AG:
amygdaloidal globe.
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