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Abstract

In June 1883, KIKUCHI Yasushi submitted his dissertation thesis of the titles “Report on
the Geology of the Prov. Awa in Shikoku” and “On some Mesozoic Fossils of the Province Awa in
Shikoku” to Carl Christian Gottsche, Professor of Geology and Paleontology of the University of
Tokyo. He mentioned in this thesis the occurrence of radiolarian fossils such as Cenosphaera and
Dictyomitra, which he considered the Cretaceous, from quartzite in the southeastern part of the
Province Awa, and it was the first report of radiolarian fossils from the Japanese Islands (Nagai,
1995b). Here we re-examined in more details his Cretaceous radiolarian fossils based on the
description of Zittel (1876), and confirmed KIKUCHTI’s belief that the age of these radiolarians is
Cretaceous. Naumann (1885) considered, however, that the radiolarian remains were included in
the Paleozoic strata on the basis of his study on structural geology in Shikoku. Yehara (1926), who
started a new study on radiolarian fossils, also followed the views of Naumann. Thus, it seems
likely that the first report of Cretaceous radiolarians in Japan by KIKUCHI has been missed over
hundred years.
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Wz b o T, HROBHALAMED A Y — & LTWwb720TH5S (i, 1982 ; VB - K4,
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BT Tho7zns, 1830 FNHEMEA GREMMEMEIAL) (ZA Y, Naumann O T CHIUEHAZ 1T -
Tw7z (IIH, 2007).

ORI LZER, WTFAPSRD X ) T W272w7z (19954 4 H 17 HATRME) .
[Fy~< it [HABEORKE L EFICOWT] odi, it G, Ty FoowT) 7,
VU E G RAIbA 2 38/ U Dictyomitra L L7z, &2, FMIEEIREFEHE > 1)) RiibER
B—UDED 2 Hidwan b WA+ T —ORHR Z2HELXODDEEZEZTWE, ZELHFENTH
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7oL BT, LT HETH S, it (1883) ENEZEICL-ZLERGTEAOLNLL, H
A EFE L TWRITE W EEFIIZEbNI. —F, T~ VIR XoOR TRERIbA % &t
KA OWERCZ HAERDD D EE 2 Tz, F72, Yehara (1926) 3 “This was first noticed
many years ago by Y. Kikuchi, who found two genera of radiolaria, Cenosphaera and Dictyomitra
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NERGES OB N (boninite) ZAFZEL CwWzEARIE (FA - BH, 1977), B|AGOFHIFER
BTELT, HMRITHIREZ R > Twz (Jith, 1888 5 Kikuchi, 1889 ; FIR, 1989 ; 1995). #E A %%
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BEE, AR EAEWICR Y BERDE R0 -720T, 2O LIFFRA LB TV, 2009 4EI27% - T,
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EOH#HEIZ oW T oY) AL 206 H (50,
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BEHBFEI DT ON TS, FRIZTHIEZI Photo The dissertation thesis by KIKUCHI Yasushi
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Figure 1 Copy from the manuscript of the Title of Vol. IT
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B &, “Diluvium” & “Alluvium” % B &, “Eruptive gabbroic rocks”, “Crystalline schists”,
“Mesozoic sandstone, conglomerate, and shale” ® 3 DD =y MIFIFTTWV5.

LHORABA SN TWEDIER, HFIBETHL. TOFKEIUTOLI)TH2 GHiLHEDFKED 2
¥—% Fig. 112777 ). “On some Mesozoic Fossils of the Province Awa in Shikoku by Y. Kikuchi.
With an Appendix on the Jurassic Plants of the Provinces Kaga & Hida , June 1883.”

CITHIB, BIBOHREZNZN Table 1, Table 212783, Table 2 D HXOH, Hksfb
T AE5TESL  — b 86 Hd “Radiolarian Quartzite of Ondori” D #B4rE 90 H?D “Notes on

the Radiolarian remains” T& 5.

Table 1 Table of contents of Vol. I
“Report on the Geology of the Province Awa in Shikoku”

Table of Contents
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Introduction 23
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General Geology
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IIT The Mesozoic sedimentary System 83
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The southern range series 90
The Limestone group 97
IV Diluvial and Alluvial Systems 102
Conclusion as to the succession of Formations 108
Lithology — Introductory Remarks 111
Eruptive rocks 114
Cristalline schists 123
Clastic rocks 138
Limestones 146
Mineral species 148
Technical Geology — Introductory 157
Engineering works 158
On quarries, building materials or clays 164
Surface geology with Remarks on agriculture 175
Coal mine of Fujikawa 194
Copper mine of Jirosan 198
Marine salt works on the eastern coast 203
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Table 2 Table of contents of Vol. II
“On some Mesozoic Fossils of the Province Awa in Shikoku”

Table of Contents

page
Introduction — The Basin of Katsuragawa — 1
General Remarks on the Jurassic Flora of the Katsuragawa Basin 5
Fossils from Sakamoto 18
Notice on the plant bearing Strata of Fujikawa 22
Description of species from Fujikawa 25
Jurassic Strata at Kashiwaradani in the village of Tanno 34
Description of species from Tanno 38
Jurassic fauna from Kashiwaradani 56
On the Cretaceous Fossils of Tanno 62
Description of species 69
Radiolarian Quartzite of Ondori 86
Notes on the Radiolarian remains 90

Appendix

General Remarks on the Jurassic Flora of Kaga and Hida 1
Notes on the species from Kaga 6
Notes on the species from Hida 18
Notes on the species from Kii 26

HiZ% ® “The Radiolarian Quartzite of Ondori, and its vicinity” 3IHI ifiﬁ(iﬁlE1 ISE ratafallo
WTHBRTW A, IBEERHE & RS O RS (quartzite) &, MR X o, Mugm
DiE# (remains) PHEML7Z2bDOTHL I RSNz, Tho DA iﬁ%k*ﬂﬂd)@a L HJE
LCTW5b25, WadEaicliglL, 2%/EH (metamorphism) #/R"$ &9 THhA. R EREZ &
GEAE, WHICAZ P8 T T, AEEBIEIR (resinous) EHOMIRDFEEL TW5. AED

WIEREOBILESDH ), TOMICLEOMBHROBEFE SR OENE, FEFLELERL TS
Z L’Cﬂ%fﬁ , RS IZREOHE OB Rt RO ERIC X > TES N2 Z L IZE VI3
, EEEL'@\%.
#%#H D “Notes on the Radiolarian remains” 2B HALAFRLEIA T TH S F L4, p90-101). F&
RE N7 ki #, Cenosphaera )&, Dictyomitra )&, Sponguridae Ft® 32D % 4 F\ZhlFT
FEICELR L CTwa. ZLT, BROMEWTHEND L)1, IhSOEELAE AR ORI R b H
PEDH 5 LG LTV

RHEDIEELZ, ﬁﬁ(%ﬁftﬁnﬂiﬁiﬁ GOFEZ ) — I OIETFICLZD D% “Notes on Radiolarian
Remains” & LCT#ITA. B, FHEEEMEZGTICTHIIH2o T, ANV I AR ELETOBIE -
T HZEBEORETITo 7.

vy
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Notes on Radiolarian Remains

The radiolarians contained in the quartzite of Ondori present three distinct different types.

1. The skeleton must have been spherical, with the surface with numerous circular pores, which
are found filled with iron oxide. This no doubt belongs to the genus Cenosphaera.

2. The section of the skeleton elongated consisting always of more than three segments or
chambers, portioned from one another by a wall. The size of the chamber gradually diminishes
to a point, from the lower part. Each chamber is constricted a little where it comes into contact
with the succeeding ones. This constitutes the type of Dictyomitra.

3. There are found peculiar bodies somewhat reminding us of the spicules of sponges, among
the radiolarian quartzite. It consists of a triradiate body usually little rounded at the ends, or
sometimes clubshaped.

These peculiar bodies probably belong to the detached spicules of certain types of the family
of Sponguridae, the skeletons of which consist of a gelatinous mass in which are found in great
numbers these spicules, which after the death of the animal falls asunder. (See Haeckel’s
Monograph on Radiolaria). Some genus has peculiar lattice worked chambers in the interior of

this gelatinous mass while the others have not.

These types of radiolarians are generally larger than any living species yet described. But
as this small organism has been fully described only from the Mediterranean Sea by Professor
Haeckel, we can only form our judgement with reference to those described by him. With respect
to the fossil radiolarians, they are fully represented only in the Tertiary strata of the Island of
Barbados and Nicobar as investigated by Professor Ehrenberg. Professor Haeckel was inclined
to think that the radiolarians made their appearance in the Tertiary period, as be argued there
could be no reason why the skeletons of the radiolarians which are more durable than those of
the Polythalamiae, and of Diatomaceae could not have been preserved if they were present in the
pretertiary period. But it is now known that they are already known in the Trias of St. Cassian
Town in undeterminable specimens, and also in certain Jurassic deposit.

Well preserved specimens of Cretaceous radiolarians have been described by Prof. Zittel
from the Cretaceous deposit of northern Germany. (Zeitschrift der Deutschen geologischen
Gesellschaft, XXVIII Bd.1876. K. A. Zittel: Ueber einige fossile Radiolarien aus der
norddeutschen Kreide) .

Although some of the specimens show an agreement with those described by Prof. Zittel, the
size is generally smaller in our specimens compared with the above.

Thus some of the Cenosphaera types measure in average .29-.33 mm in diameter, while the
Cenosphaera radiata of Zittel measures .117 mm. The largest of our Dictyomitra measures about
.413 mm in length and .097 mm broad at the lowest portion which is the broadest part. The
largest of the German specimen measures .24 mm in length and correspondingly narrower at the
lower part. Thus in the case first mentioned our species is about 2 times larger than the largest
of the German specimens, Dictyomitra polypora Zittel. Yet those difference in size seems to be not
anomalous in case of the Mesozoic radiolarians. For Prof. Zittel in the short article cited above
says: “Es hat z. B. Waagen beim Aetzen von verkieselten Brachiopoden und Spongien aus dem

oberen Jurakalk von Muggendorf einmal eine 1 Mm. im Durchmesser grosse Gitter kugel, die

— 108 —



wahrscheinlich der Gattung Cenosphaera angehorte aufgefunden. Das Stiick ist leider, ehe es
einer Beschreibung unterzogen wurde, verloren gegangen.”

If this be the case it will be seen that our species of Cenosphaera are in general much smaller
than this species of Muggendorf. Again the Cretaceous radiolarians described by Prof. Zittel are
generally larger than the living analogues. Hence size alone does not give the criterion to the

determination of these small organisms.

1. Cenosphaera
Pl. XI. fig.1
The skeleton seems to have been a hollow sphere with numerous circular openings on the
surface. The skeleton must have also been comparatively thick. It should be compared to such a
form as that figured in Zittel’s article mentioned above (fig.7, 8). But in our specimen the circular
holes have been much closer to one another.
Most of the specimens preserved do not show defined outline, but their diameters seem not to

have exceeded .3 mm.

2. Dictyomitra
Pl1. XI. fig.2, 3,4, 5,6, 7, 10

The skeleton is elongated, composed of 3-8 segments, very faintly separated by partitions,
which possibly have been discontinuous at the centre. There are two distinct species to be
observable. The one is much elongated with 7 or 8 segments sometimes obliterated at the lower
portion (fig.2, 3, 6, 7). These forms remained us in their general outline, the species figured
by Prof. Zittel (Z. fig.1, 2, 3, 4) D. polypora Zitt. and D. multicostata Zitt. If some of the forms
represented in fig.8, 9 be proved to belong to these Dictyomitra, then the later will find much
affinity to the species D. multicostata Zitt.

The second form (fig.4, 5, 10) is less elongated with about 3 segments, sometimes the last
segment reflected as in fig.5. The round general form certainly finds much affinity to the
Dictyomitra Ehrenbergi of Zittel (Z. fig.5).

The size attained by these species are very variable: the first species sometimes attaining the
length of .413 mm and the breadth of .09-78 mm at the lowest segment. In average, the length
is about .347 mm and breadth of the lowest segment .119 mm. Thus there are two forms to be
distinguishable which may perhaps belong to the two different species. But the imperfect state of
preservation, does not give assurance to this conclusion.

The size attained by the second form or species, is in average .217 mm in length, and .170 mm

in breadth at the broadest part of the lowest segment.

3. Sponguridae
Pl. XI. fig.11, 12, 13
The Group of Spongurida established by Prof. E. Haeckel consists of perforate or spongy
chambers in irregular aggregate, sometimes with regular internal trellis chamber or without.
The spicules composing their irregular chambers, consist of peculiar triradiate bodies more or
less rounded at the terminations; falling off after the death of the animal, and the consequent
dissolution of the soft parts. (See Haeckel’'s Monograph “Die Radiolarien” Atlas Tafel XII fig.14,

— 109 —



15, Taf. XXVIII fig.)

It will be observed that our figures 11, 12, 13, show striking resemblance to these species,
being very regular and rounded or clubshaped at the end, which are not to be mistaken forth
spicules of tree sponges. The shape differs somewhat in different specimens, some being very
much rounded or globular at the terminations (fig.12, 13) while others are only slightly bulging at
the extremities fig.11. These different forms may have belonged to different species.

The length of each arm is nearly equal to one another in each specimen, and varies from .0108
mm to .0217 mm.

Any evidence of the existence of the internal trellis chambers that are found in certain
types of the modern allied species, has not been proved to be present, but it is equally clear that
such fine structures might have been lost. At any rate, here we find for the first time, the fossil

representatives of the group of Sponguridae.

Besides the forms thus far described there are found a very great number of undeterminable
radiolarians, including the greatest part of these remains. Their form must always have been
spherical, as no elongated segments have been met with; the sections being made in all directions.
Hence they can not be referred to the diatomaceae, some species of which as Gallionella (Handbuch
der Palaeontologie Bd.II.I Lief.9. Schimper and Zittel, pp.13, fig.7 H). Exhibits in the section
perpendicular to the longitudinal axis, are apparent resemblance to such forms as represented
in fig.16-20. Some of these forms are very finely and distinctly fringed with from 22 — 30 small
spines while others are entirely free from such appendages. Some of both of these kinds have
been filled in the interior with red iron oxide, or in most cases entirely by quartz or chalcedony.
The complexity of forms attached to such spherical forms of radiolarians does not give sure basis
for strict determination. Some of the forms armed with spines must be compared to such genus
as Haliomma of the group of Disphaeridae of Haeckel, in which the skeleton consists of two
concentric hollow spheres, connected to each other by means of radial spokes. Some trace of such
internal sphere seems to be indicated in one of our specimens represented in fig.19. The other
forms again fig.20, 22, are less in their number of appendages, and either rounded or pointed at
the extremities, the determination of these specimens becomes again impossible from the absence
of sufficient characters.

Fig.14, 15 represent the spines of some species; one of these spines is rounded and bulging
at both extremities, while the other is nearly straight and rounded at the extremities without

bulging.

These forms of radiolarians, incomplete as they are, are very interesting, as contributing to
the number of Mesozoic radiolarians which are so imperfectly known. The occurrence of these
fossils is confined to the neighborhood of the sandstone passing to quartzite. The radiolarian
quartzite extends from the village of Ondori in Nakagori, to that of Akamatsu in Kaifugori;
though in the latter the state of preservation is far worse. Again in the village of Tsubachi in
Nakagori, a peculiar kind of limestone (p.147 vol. I) with brownish stripe of iron sometimes
intermixed with quartzite occurs intercalated between the sandstone. It has also been observed
that this limestone contains radiolarian remains exactly like those already described, though in

less number. A few forms of Dictyomitra are well observable. The rest consisting of hollow spheres
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filled with silex. It will be seen from the stratigraphical as well as from lithological characters,
that the districts above mentioned certainly belong to the same age as the formation of the
Katsuragawa Basin, hence belonging either to the Jurassic or to the Cretaceous system.

From the remarkable coincidence presented by our radiolarians to the Cretaceous types of
Germany, we are inclined to the belief that the strata of sandstone developed in the districts
mentioned also belong to the Cretaceous formation. Thus out of the six species described by
Professor Zittel, four are represented in our specimens by very allied species, viz. the species of
Cenosphaera and of Dictyomitra, while the two other forms Dictyocha trigona Zitt. and Stylodictya
Haeckeli Zitt. find no analogue in ours. On the contrary some of our species are to be considered
peculiar forms to Japan.

At least so much is evident, that the radiolarian remains of Awa can never belong to the

Tertiary formation, and that they present most affinity to the Cretaceous types.
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Fig. 1 Cenosphaera sp.

Fig. 2, 3,4,5,6, 7, 10 Dictyomitra sp.
Fig. 11, 12, 13 Species of Sponguridae
Fig. 14, 15 Spines of some radiolarians

Fig. 16-22 Uncertain radiolarians

Figure 2 Explanation of PL. XI
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Figure 3 Copy of PL. XI
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H M DR EHF NI 1883 AEEHE TORHBROMENED L) LD THo72n% W T
BIH. BMBRoOMEIZIOMLE2LH6F Y, ZLottEra—a vy 3 Tirbh, R ORI D
FL#IE Meyen (1834) 2k b irbhiz. FA Y OEWH# 3 Christian Gottfried Ehrenberg (1795
~ 1876) 1, 1839 4EA5H 1876 DM 41 MO R I 55w % # L (Lazarus and Suzuki,
2009), EABWO L THEOEK % 2D D% Polycystinea &% L7z, 4 £V AOEWFE
Thomas Henry Huxley (1825~ 1895) &, IRA: oWt o AR 0HEE %2 %2 L 7-. Radiolaria & fy
#HL7=D%, FA Y OB ## Johannes Peter Miiller (1801 ~ 1858) T& %. Miiller D3 F T,
N4 v OB Ernst Heinrich Haeckel (1834 ~ 1919) (&8> i I DBk > S #1%
QR BUEARZ 08 L CBIZE L, Ml 2Rz iy, BN ERMEMAL T, 2L T,
46 J&, 144 fEi %2 5088 L 7255 3¢ “Die Radiolarien: Eine Monographie” % 1862 4EIZHMIL 72 (BE &,
1989). HEREIZ P S N72HHBUR O FKIIZEZMW AL L S 03D, RN LRERZHBOL. LA
LT, Ao ihoftiCicd d b X 912, Ehrenberg 253NV N K R B E O = O Mg H
5 1876 AR HAL A DFLERZE LT 4. N A Y oME A 43 Karl Alfred von Zittel (1839 ~
1904) X 1876 4EIC A Y O HEEAL OHE 2 HIZ Lo Tt b A itk 2 B Z - 72, ¥ 72 1880 4F
25 1893 4E12H 17 C “Handbuch der Palaeontologie” (&£5%) #&FH L Twh. 1873 EH 5 1876 4F
T TIX, A F) A0WERHAEEAA “HMS. Challenger” 512 X 52T TW5S

I BBHALARL LD P TINS OGO ) B Zittel (1876), Zittel et al. (1880 ~ 93),
Haeckel (1862), Ehrenberg (1876) ZBIJHL TH Y, U OEMOXHICHE LTI &2b
A, % $RE L 72 Carl Christian Gottsche (1855 ~ 1909) 3 Zittel D5+ D — AT, RiDOEh D
TI8LAFITRH L, WEARFOWEFEIRE o7zl L2 B EB KO L vz L) (I,
1910).

Bl X 912, FHhoOZEFHSE IEBDFREDY “On some Mesozoic Fossils of the Pprovince Awa in
Shikoku” &7 o TWH I ERLHHLENTH LA, HIZWY P> T 2 HR LA O E R %

17 e tondiderih Jie el ar Forved™ o g
(L Meads 70 pcets 15 Lye Hesls,

Mal [l 1wl otriinic st Beiy o Leorm—

(on Reoes /6&2‘} Vo 7 J’d‘ /m“@m
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C

Figure 4 Copy from the manuscript of Vol. II., p.101
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ARTIERL, HAEREEZEZ TW, $72, B aRiBscoh T, R T THIERLOHE
5 Zittel (1876) A3#tiy L7z Dictyomitra J&IZIEH IR PO HUEA A E L2 LR L Tw 5.
ZL T D% “they present most affinity to the Cretaceous types.” (Fig. 4), HH#f DD D
WiRbDLEHETH D L, NElfiofioTwad, HMEIHELTH L EMHEL T zEEDbNhS. 72
72L, “Notes on Radiolarian Remains” O#%& ) I WEFTIZ KDL EAH %. “Thus out of the six
species described by Professor Zittel, four are represented in our specimens by very allied species,
viz. the species of Cenosphaera and of Dictyomitra, while the two other forms Dictyocha trigona
Zitt. and Stylodictya Haeckeli Zitt. find no analogue in ours. x—J)V K C/R L7z “very allied” 12 F##
AHIpi “ 7 PELENT WS, &I, TREBRAZAOHIZIE (MO THEBL] &wv) RBUTEER %
BLAD WL ) THD.

HRZHOD TERMZWESZEALZ N4 Y OMEEE - HAWYHE O Heinrich Edmund
Naumann (1854 ~ 1927) 13, Zittel »5&MICHE LG22 o720+ THSH (LT, 1992 p.808 ;
Nagai 1995a, p.15). [WE U ®IZ| TlX72 X 912, Naumann (& [ HAY B OREE &I ICDO W
Tl OPFTRO LI ITEHE TS, [HiRiHcE (53 Schiefer) 1%, KRiKIFR#EE, PEOb D
BIKkkt 2 2354, (b)) BRIAAEOWOHE %2 b > 2T OHIK %2 8% L7- (Heliosphaera).
Cenosphaera I& 3 BAHEOTORKE LB ZEDTWE X)) THA. Hith [HFHibz] (FTidzRX) &
E 51T, Dictyomitra #H\FTwAh. MM OBEKIILIFLIIREICELELTVSLDT, Thid, A
ARG OHRTREMN D22 L T0wBEEZRITNE RS, (g Z OEYPEFEY L&,
FHih (C. Ty FzDOHZXFT, RICZOYTL % o72) IZXoTHEINZ, i, ThEikE
IITEEDOHE (BALY) LiEEE (v5) BERRORERBCERIZFE R Lz, o famse (k]
WEOHE DWW T O, 188346 A, F# X, Report on the Geology of the Province Awa in
Shikoku) DT, ZHIZHELOMIIEHTH Y, Lzd3>T, MEOMBEIAMLETH S 2
ERRTWRMADH S, LHIEL TS ] (TR, 1996, p176). I 2 TR A BHELn %
BRLZE, BAHBERLTHLEE LTI EERB LTS, LA L, Naumann H & &
DOHIE % AR LE LT,

Naumann (& EFEICHNTRD L) IZHRRTWS, [REEORE, REINEOZ oM 2 mEd L
7eDTH DD, ZOWE, I ZOMBCEDPREECERDDDTH S Z L2l T 2RIV D o 7.
HAROHIEIZ, ORI TIZEMO X ) 2R 2 D THAE L, HEW/NS WHEPHIZ9E L Tw
%. BFRLOBBEKBCE D, ZOHCHFORINIIET 2D TE RV, L) milonTid, B
DEWD . ZUE, KD HWEHERORIZEL, 2512V IH 2o, ARKEAKEGELD Do &
WERZHBENEIICIZAZS. ] oW ELA ORRIRRE & L ToORRMED, 7258
I TV aholzboBbhs.

BEfCIZ T > T, Yehara (1926) ix “This was first noticed many years ago by Y. Kikuchi, who
found two genera of radiolaria, Cenosphaera and Dictyomitra in the chert of Akamatsu (Awa
prov.) , which he considered as Palaecozoic.” &, ZHWHGAHEAMREEZ Tzl RXTWn5,

B9iid, FIHMEPUER (1856 ~ 1920) Db & THEBLIZHMFADOYEIZ L %o 72D T (K, 1953 ;
4k, 1966), Z OFEGmICLRE, BBHEALAICET 2mL e EEL TV RWVWE) TH b, TR,
HiE S HFEEZ, HEREED 28 LB RTVLEHIERS 25 2. il (1862 ~ 1894)
AR E VI HETRLZLDICENEOSNZZOTIEH S F V. Z1UZ Naumann OERELTDH T )
WWHERTETREDPKE <, Naumann 25 AEREE 2 TW/z2 5, Naumann OFERE % BHF L 727L
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Bk (EK, 1995), BEVL D ZIE LTV L BVIAALZDOTHAS ).

T, HAROBEIEATIZE A S IR E L LTIz, Ly by 7 uaiishT
fE LTz, KRS, b AR B IR RIS L e e\ E DE XK TH -
7z. L L, PRI, S5 Bl bAEAz B) B3 b0, 2 o NS R
B L) B E 2 B  2 L), EUBA oE AR (1969 ~ 1978 4F) Z#E T, TR
SR A S GkE, 1995a2). )il - ity (1977) el & (1979) 25EW % v CH
RKTHD TG HHOBBALA DOWE ZIT-7201F, TDLI RN T THo72. 1513, A
DR BT, Hek, KRELAOERAE L, FATE O KEEZ YT 412 3T i b 254548
Pl > e Z2m L, H - HAROBREEALAIZEICR & 2Rl % 5 2 72 (Fikd, 1979 5 K
7%, 1989). ZNiZ, T ST ER L THEA B RALA & i Lz o & F U dis, U E SRR
OMNT RS THAH, S B ERNGEEO@EWIEH 2, Il - ity (1977) XD 94 450
D 1883 4E12, FHMAH AWM OMBALAZ LWL 22D L) R L EHVT W22 LICIRSHELH
SEIrENG.

EFal.))

4522 1% 1883 SE D H UK FEAFER LIS BV T HAR TS THRBHLADREE Lz #hiid, A
Y OB OHIE A S TR O TR LA 2 5Lk L 72 Zittel (1876) Z &ML, MWER R OH
A (quartzite) 7 BIER L 721t Cenosphaera, Dictiomitra DA Z p A H AL L HEZE L
72. Naumann |&, ZOREHBILAZET L HE %z, AHRMEME» S, HEREEZEZ T, TH
RBEES OMEE RIS OWT] (1885) DT, Naumann I MAHELEBELTWEESRIIL
TVw2b00, TRE) LIiF5 2 Lid3hho/z. BETIEIOMBIIATEKTH S I LMENT
BY, HHOWSIE Lokl bl b, 72720, ZOEIIBEHILA DM > 7213500 T
HY, ZNIERRECENLZDOLERETHRELONLEVIFRDOZ ETH L. FERIEIKTOL
DOWERE AR SN B I2IE, LA % B85 S 5 #ES 5 T i % 4 B M o+ 5 L v
5, BRI TEOREEZFH2RIER S 2oz, ZRICIEHBOHE D 58 100 £ 25721
BOBRMDSTZDTHA.

@ B

AEHHAT AL, ML ORI K P ER L OTEEHRE B Z TT S 5% &S, B bamise
HOKILFHWENIEEEOHARZ I EELETF S o7z, ZLT, Afthez#Ed Lo@o sz 1
FHIE AL IS B R 2 B 2 Bk R A 2 M H B O R HE IS EOR LT SN Tnwb 2 L, &
LI ZEOFMHGTEIZODWTHZ T/, F72, RMEZRFOH 212D KEBMFHICHR -
7z.

KRAMIRERE AT W E BT 7272 &, RS SUCHZ @ L Twiz72wniz. AR R
WEE O RN PRI TSRS KO BREEZ B 572, SRH6DOH A4 ITL X ) EH#HOEE R
LET.
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