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Zircon fission-track age of the Tonomura Welded Tuff of the lower Oamamiyama Group
of the Hida Mountains, Gifu Prefecture, central Japan
Yuko Gotoh
Curator, Hikaru Memorial Museum, 175 Nakayama-cho, Takayama

City, Gifu Prefecture 506-0051, Japan.

Abstract

Zircon fission-track dating for the Tonomura Welded Tuff, the uppermost unit of the
Miyadanigawa Formation (lower Oamamiyama Group), is newly determined as 63.6Mazx
2.5Ma. This fission-track age is apparently younger than latest Maastrichtian age (67~65Ma) of
the lowest part of the Miyadanigawa Formation that was obtained by pollen fossils. The newly
obtained fission-track dating together with other previous geological and geochronological
data apparently show that the age of the Oamamiyama Group ranges from latest Cretaceous to

earliest Paleogene age.

Key words: fission-track dating,Hida Mountains, Maastrichtian, Oamamiyama Group,
Paleogene, Tonomura Welded Tuff
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Fig.3 Photomicrographs of representative zircon grains. Each scale is 20um
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Table.1. Result of fission track dating

Spontaneous Induced Dosimeter Pr(x%) U-content

(Ma)

Sample Name | Method | No.of grains P v 2o v P, N (ppm) Age =l o

r
{em™) s (em?) i ( x10* em?) | v (%)
To W01 EDI 30 595 x 10¢ 4661 128 x 10° 1001 7.129 3696 | 0688 12 170 636 = 25

p and N,density and total number of counted tracks,respectively;

Analyses were made by the external detector method (ED1,internal surface:Gleadow,1981);

Ages were calculated using a dosimeter glass NIST-SRM612 and age calibration factors {gp1=380+3
(Danhara et al.,2003);

Pr(x®),probability of obtaining the x* value for v degrees of freedom(v =number of cristals-1:
Galbraith,1981);

r,correlation coefficient between ps and pi;

U,uranium content;

Zircon granis were irradiated using JRR-4 nuclear reactor of Japan Atomic Energy Reserch Institate;2
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Grain-age histogram of the sample To-WT FT. Radial plot (Galbraith,1990) of grain-ages for the

sample To-WT FT.
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Gregarious occurrence of Robustoschwagerina (Fusulinacean Foraminifer) in

limestones of the Nyukawa Group, Hida Mountains, central Japan

Hisayoshi Igo* and Tamiko Ohana**
* Institute of Natural History (Director); University of Tsukuba (Professor Emeritus)
** Institute of Natural History

Abstract: Robustoschwagerina hidensis 1go, 1964 is a characteristic fusulinacean
foraminifer described from the upper Lower Permian limestone blocks exposed at Sote,
Maki, and other localities in Nyukawa Village, Gifu Prefecture. Some of large limestone
samples housed in Hikaru Memorial Museum, Takayama City include gregarious shells of
Robustoschwagerina hidensis. Most of which were collected in the river-bed of the Kohachiga-
gawa River near Maki about 20 km east of Takayama City. The present paper aims to introduce
the current status on taxonomic problem of robustoschwagerinids and discuss the life-habit of
R. hidensis based mainly on the detailed observation of limestone fabric. The interpretation
is as follows: the species was bottom dweller but able to suspend in nearshore shallow-water;
thanatoshells were possibly floated and/or suspended and transported by a tidal current and/or
surf; eventually settled, and gregariously heaped together on a shoal of lime mound or reef.
This limestone is classified as fusulinacean packstone-grainstone and the beachrock origin is
most probable. Limestone fabric apparently shows that early diagenesis of the sediments was
undergone in subaerial vadose environments.

Key words: fusulinacean, Hida Mountains, limestone diagenesis, Nyukawa Group,

paleoecology, Robustoschwagerina, vadose.

Introduction

The fusulinacean genus Robustoschwagerina was first enacted by Miklukho-Maklay
(1956) with Pseudoschwagerina tumida (Likarev, 1939) as the type species from Darvas,
Central Asia. To date more than 30 species of this genus have been described elsewhere in the
world. Igo (1964) first pointed out the occurrence of Robustoschwagerina in Japan including
three previously known species which were allocated to Pseudoschwagerina such as P.
schellwieni (Hanzawa, 1939), P. samegaiensis (Fujimoto, 1936), and P. subspherica (Nogami,
1966). Furthermore, he proposed a new species, R. hidensis from Nyukawa and discussed its

paleontological and biostratigraphic importance.
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Various-sized and -shaped limestone blocks, mainly of Permian in age, are commonly
embedded in the Nyukawa Group, which is now interpreted as the Jurassic tectonostratigraphic
unit of the Mino Terrane. Isomi and Nozawa (1957) mapped the Funatsu Sheet (scale 1: 50,000)
and introduced the regional geology of the Nyukawa district. Subsequently, Igo (e.g., 1964a,b)
documented the stratigraphy of the Nyukawa Group and described many fusulinacean species
from limestones of the group. Recently, the present authors became aware of the presence
of some large limestone samples housing in Hikaru Memorial Museum gregariously include
robustoschwagerinid shells. These limestone samples were collected from Maki and Kute along
the upstream of the Kohachiga-gawa River, about 20 km east of Takayama City (Fig. 1). The
museum provided some of these samples to the authors for the detailed study. The present paper
aims to introduce the current status on the taxonomic problem of robustoschwagerinids and the
mode of occurrence of Robustoschwagerina hidensis in the limestones; to discuss its life-habit

based mainly on the detailed observation of limestone fabric.
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Fig. 1. Map showing localities of Robustoschwagerina hidensis 1go (1963) in the Nyukawa district.
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Review of taxonomic problem on robustoschwagerinids
Many species assignable to Robustoschwagerina occur worldwide but their biostratigraphic
range is restricted to late Early Permian (Sakmarian) to early Middle Permian (Artinskian);
hence the genus is considered to be reliable index fusulinaceans in those times. As its Latin

name denotes, species of Robustoschwagerina are characterized by a highly inflated large
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spherical to subspherical shell that commonly attains more than 10.0 mm in diameter. Inner two
or three juvenile volutions of the most species are tightly coiled fusiform and similar to those
of the genus Trificites (s. 1.). Some of the species, however, possess highly inflated fusiform or
even subspherical to spherical juvenile volutions. Width and height of the succeeding middle
to outer volutions are rapidly expanded that eventually form a large spherical to subspherical
adolescent to gerontic shell. Axial length of the outermost shell is slightly shorter than that of
width, hence the most mature and gerontic shells are more or less umbilicated. The penultimate
volution, however, is commonly highest compared with the outermost volution.

Pseudoschwagerina schellwieni Hanzawa, 1939, P. subspherica (Nogami, 1961), and
P. (Robustoschwagerina) hidensis 1go, 1964 are adequately described Robustoschwagerina
in Japan (Igo, 1964). The following species have been described inadequately, however,
their observable shell morphology permits their assignment to Robustoschwagerina such as
Schwagerina sp. (Fujimoto, 1936), Pseudoschwagerina samegaiensis Fujimoto, 1941, and
Pseudoschwagerina uddeni (Kanuma,1959). Watanabe (1991) summarized the stratigraphic
occurrence of Robustoschwagerina species in Japan and discussed their phylogeny. He
provisionally assigned the Robustoschwagerina schellwieni lineage as a single lineage of
Pseudoschwagerina rotundata - Robustoschwagerina schellwieni pamirica - R. schellwieni
schellwieni - R. tumida. Watanabe (op. cit.), however, reserved his opinion on the direct
ancestor of Robustoschwagerina. Concerning this lineage problem, Rauser-Chernoussova (1960)
considered that Zellia should be the ancestor of Robustoschwagerina, but Kanmera et al. (1976)
assigned to Sphaeroschwagerina.

Sheng, Wang and Zhong (1984) described 11 species of Robustoschwagerina from eastern
Yunnan of Southwest China and discussed the evolution and origin of robustoschwagerinid
genera. They proposed a new subgenus Robustoschwagerinoides with Pseudoschwagerina
nucleolata Ciry, 1943 as the type species. They mentioned that "the origin of the genus
Robustoschwagerina is not clearly known, though Triticites ancestor is possible." [sic].
Subsequently, Yang and Hao (1991) and Yang (1992) studied the ontogeny and evolution of
robustoschwagerinids based on prolific Chinese materials, which were collected mainly from
the Maping Limestone; these authors assigned 31 species to Robustoschwagerina including
three new species and a new robustoschwagerinid genus Longlinia with Robustoschwagerina
longlinensis Dong, 1981 as the type species. They added two new species in the genus
Robustoschwagerinoides, which was previously proposed as the subgenus by Sheng, Wang
and Zhong (1984). The above-mentioned detailed studies in China drew the following manifest
conclusion; the change of life-habit, pre-adult benthic to adult planktonic, occurred suddenly
(e.g., R. longlinenesis) or gradually (e.g., R. tumida) accompanied with the ontogenetic
change between Triticites-like juvenile volution and subsperical to spherical adult volution.

Furthermore,Yang (1992) emphasized that the sudden appearance and rapid diversification of

11
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robustoschwagerinids in the Early Permian were closely related to the acquired floating habit in
their adult stage.

Yang, Zhao and Feng (1996) comprehensively studied the stratigraphic distribution of
pseudoschwagerinids and robustoschwagerinids in the Maping Limestone of Southwest China
based on more than 100 species; they applied the Graphic Correlation method for the detailed
correlation. In this study, these authors listed 14 species of Robustoschwagerina, three species
of Robustoschwagerinoides, and seven species of Longlinia.

As mentioned above, the Chinese scholars have been succeeded the detailed study of
robustoschwagerinids, however, there are still some inextricable problems in particular on
their ontogeny related to the lineage and life-habit. In the Nyukawa specimens, there are
two types of Robustoschwagerina possessing a subspherical to spherical inner volution (Fig.
2-1, 2, 3, 4) and "Triticites-like" juvenile volution (Fig. 2-5, 7). These two different types
are commonly coexisted in the same limestone, but the first-mentioned type that is similar to
Robustoschwagerinoides nucleolata (Ciry) is apt to occur more abundantly than the latter. The
detailed discussion on this taxonomic problem is beyond the scope of the present paper, and the
senior author provisionally concludes that the both forms represent the dimorphisum in the same
species, Robustoschwagerina hidensis. Further consideration of this problem will be presented

in another opportunity.

Occurrence of Robustoschwagerina hidensis in limestones of Nyukawa

Igo (1964) collected the holotype of Robustoschwagerina hidensis from a small lenticular
limestone embedded in his Sote Formation that cropped out at Sote, a small hamlet in Nyukawa
Village. Furthermore, Igo confirmed the occurrence of this species in limestones exposed in
Shiroi, Hatahoko, and west of Hirayu Pass (Fig. 1). The specimens are mostly scattered in
calcilutite and never gregarious in these localities. Other localities of R. hidensis, Maki and
Kute for instance, the specimens of this species gregariously occur in particular levels of thickly
bedded or massive gray limestone. Samples came from these localities include particularly
abundant shells of R. hidensis from which the authors made many thin sections and observed
them under the microscope. As the result, the authors confirmed that the limestone fabric clearly
demonstrates early diagenesis undergone in subaerial meteoric vadose environments.Lithology
of the limestone suggests that the rock originally deposited as beachrock on a shoal of carbonate

mounds (build up or reef).

=

Fig. 2. Microphotographs of Robustoschwagerina hidensis 1go (1963) showing two types of juvenile
volutions. 1, axial section of typical hidensis (type 1),x7.5; 2, axial section of hidensis with spherical
to subspherical juvenile volutions (type 2), note; geopedal fabric (upside down),x7.5 ; 3, showing
enlarged juvenile volutions of the same specimen illustrated in 2,x50; 4, axial section (type 2),x4; 5,
axial section (type 1),%4; 6, sagittal section (type 2),%4; 7, showing enlarged juvenile volutions (type 1),
x50.
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Limestone fabric and its diagenesis: The limestone collected from Maki and Kute under
the present study is classified as packstone-grainstone of Dunham (1962) or biosparite of Folk
(1959). The most common grains in the limestone are shells of R. hidensis showing a grain-
supported framework. Other schwagerinids and missellinids fusulinacean shells are also present
as a minor constituent. Another primary sediment composed of fragmented calcareous skeletal
organisms and fine-grained calcareous matrix constitutes a substantial amount of allochemical
component of the limestone.

As shown in Fig. 3, most of the spherical to subspherical shells of R. hidensis are rimmed
with acicular or elongate radiaxial calcite crystals. These crystals apparently have grown with
their long axes essentially perpendicular to the surface of volution, and interlock to bind the
shells together. These crystals of circumgranular cements are more or less dark-looking or
cloudy with a tint of brown, and constitute crudely isopachous crust on the surface of shell.
This cementation of voids is called "drusy cement" by Dunham (1969) that commonly occurs
in subaerial environments. In marine environment crystals are aragonite and/or magnesian
calcite but calcite precipitation is common in meteoric environments. In the present limestone,
on close inspection this circumgranular cements are not entirely isopachous, but variable in
thickness or entirely lacking in places (Fig. 3-3). This property is interpreted as the effect of
the surface tension and gravity. Water in primary voids and interstices of sediments collects on
the underside of grains (mainly fusulinacean shells in the present case) and as menisci at grain
contact, so cement is unevenly distributed in the same fashion (Adams and Mackenzie, 1998).
This cement is called "meniscus cement" and diagnostic of vadose fabric. Another example
of a vadose fabric is a "dripstone” fabric. A drusy lining of calcite crystals in these samples
is absent from the upper surface of shells, but thicken down the sides to the undersurfaces.
This dripstone fabric is similar to speleothem in limestone caverns. Another word this fabric
represents a microscopic phenomenon of karstification. Postdates the above-mentioned drusy
calcite cement, equant and auhedral clear calcite fills voids forming "round off" the pore-spaces
and locally developed meniscus cement at grain contact. This calcite cement was called "blocky
cement" by Dunham (1963). In the peripheral part of the cement calcite crystal commonly
exhabits scalenohedral termination which is called "dog tooth" crystal in shape (Fig. 3-5 ). The
cementation fills remaining large parts of all pores and the fabric is another proof that the crystal
grown in meteoric waters.

Primary sediments in the present limestone include fine calcareous material (lime sand

>

Fig. 3. Microphotographs showing limestone fabric of Robustoschwagerina hidensis-bearing limestones.
1-3, showing circumgranular drusy cement (D); equant clear blocky cement (B) and crystal with
scalenohedral termination (S); primary allochemical sediment rimmed with drusy calcite (P); vadose
sediment fills showing grading and other primary sedimentary structures (V);x3 ;4-6, showing
detailed fabric of cementation,x70; abbreviations are the same with the above mentioned.
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and mud) and fragments of robustoschwagerinid shells and various calcareous skeletons of
other marine organisms. These initial sediments are also enclosed and rimmed with drusy
calcite cements similar to robustoschwagerinid shells but they commonly show an irregularly
granular outline. Primary sediments, mostly dark micrite, are also present in isolated
robustoschwagerinid chambers although calcium carbonate diffused into the void in sufficient
abundance to precipitate cement. These cements commonly show geopedal fabric (Fig. 2-2).
Sparry calcite cements in the chambers consist mostly of two types of crystals in shape and
growth. One type is thin layers of fibrous and radiaxial brownish calcite crystals, their long
axes are normal to the walls and septa of shell. The other type is large, more or less equant, and
blocky mosaic crystals which are commonly transparent and/or light colored. General feature of
this chamber-filling calcite cement is similar to the above-mentioned drusy and blocky cements.

Another possibly near the final stage of cementation occurred in the present limestone is a
typical vadose cement including "crystal silt,” which was termed and fully discussed by Dunham
(1969). This cement shows the same property with Dunham's definition as well as different
microfacies in which coarser material included. Matrix of the sediment is micrite and crystalline
silt but includes coarse fragments of calcareous skeleton and crumble of calcite (Fig. 2-1, 6). It
shows apparent grading and current lamination in places and fills voids and interstices. Lime
mud and possibly paleosol also cement desiccation and crumble cracks and other shrinkage
fractures which predate the final vadose cementation. Similar cementation is also discernible
within fractured and fragmented fusulinacean shells. The above-mentioned cementation fills
remaining all pores and voids and the fabric is another proof that the diagenesis underwent in
meteoric waters above the water-table.

Possible sedimentary environments: [go (e.g.,1963b) discussed the sedimentary
environment of the limestone of the Nyukawa Group but his classical interpretation is now
out of date because the limestone was assigned to the autochthonous sedimentary body in the
group. His description of lithology, chemical composition, and biostratigraphic data of the
limestone, however, still warrant discussion on the depositional environments. Large limestone
blocks exposed in the Kohachiga-gawa River basin trending a direction of EW possibly
represent collapsed blocks from the same large limestone body. The present R. hidensis-bearing
limestone blocks exposed at Makai and Kute also represent a part of large sedimentary body. As
mentioned above the limestone blocks clearly show subaerial vadose diagenesis that suggests
the present fusulinacean packstone-grainstone deposited in shallow nearshore sea; as beachrock

on a shoal of limestone buildup or reef is most probable as shown in Fig. 4.

>

Fig. 4. Showing idealized sedimentary environment of R. hidensis limestones and their successive stages
in early diagenesis (not to scale). Symbolism: 1, fusulinacean shell; 2, primary sediment; 3, drusy
cement; 4, blocky cement; 5, void and other interstices; 6,vadose sediment.
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Life-habit of Robustoschwagerina hidensis: Adachi and Igo (1999) discussed the life-
habit of Sphaeroschwagerina sphaerica gigas (Scherbovich, 1949), which was collected from
the Kanosan (=Kanoyama) Limestone in the northern Kanto Mountains. These authors reviewed
previous opinions of life-habit of pseudoschwagerinids including Sphaeroschwagerina and
Robustoschwagerina, and concluded that the fusulinaceans with a highly inflated thin-walled
shell did not adapt to floating habit (planktonic) even in adult stages. The present R. hidensis
has essentially the same shell morphology with that of Sphaeroschwagerina, and these
fusulinaceans with highly inflated ball-shaped shells are considered to be bottom dwellers, but
they have had the ability to suspend in nearshore waters (Adachi and Igo, 1999). Thanatoshells,
however, were apt to float because of the increase in buoyancy shortly after the decay of
fusulinacean protoplasm. Postmortem drift of Nautilus-shell by ocean currents is suggestive for

the senior author's previous hypothesis.
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BHAE - KTEET (2003%F) @ R BEARMRE LM, AEJIBED
Robustoschwagerina (7 XV FH « HFLHR) ZHFEL TIORGOS, JialREEK
3, 11-22.
COREUEBERAIE L, NIl SEMBOIKRERAEN GRS CIRAFED

Robustoschwagerina hidensis [goZ 8 L TEUOIREZMET ABENEZ Nk,

ZDOT7 AV HEARIZHEMAED 1963FICFHE) N & F TRE LI EAZ ERARIC
BEL, L LTHELZLDOTHS. AHEEKEZWL UREKEOARRD®RE S
B, BE L TRV LB S RV LEOWIAE THEFLEE LR T X
VFTHB. FDH% T DRobustoschwagerinal@ld P EREEHHO B FELIKEN SRFICEZ LD
fEE (B0RELL L) HEEE N, HMLULE2ENHICGEMENT WS, ARIFFKICHWE
AIREITIER. hidensishhFFCEE LZIRETEEN, ZLOE/RZIFRLT, TOY
HlOEARZEZMET LD, AHENIR EEDRobustoschwagerina hidensisDFEAN 51X
PETREENZZL 0@ DDy /=L (AWMER) PEEhTnwseEX
5B, LHLSEEDEEOMESOBMICE LS, AEOERELTICEET 3
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DFFMTHEBOBLEN S, TOAREDFEKIEAORHICESZE V. £D
%%L@ E@Wi%k%%#ﬁ <, HERBEZICPEE L THi N /kEn & D _Ef1oi@E
S (vadose zone) THIHADKBIEAZZ 7= EAHIBH LTz, COEMIEHIZSE
—BfE e LT T R Fiix ERTORMZE D FOFHR G W UK A A RS a O E Rk
I X BIBREER (drusy cement) Z%521), RiFERFHAEWICZZ G » IRk
FHRAMPSTE . DOTEBRE LT, HIEMNZERE ) 2B ARG (sparry
calcite) 12 X 5ZERRFEIE (blocky cement) 12 X B BEIEHAEATZ. T OMMICIER
BRKDEERESTEL L HIRFE (meniscus cement) ABEHZFICHE SR, ZEEHIC
IRk & 22 R H A LTz EAH (vadose zone) TERIER D Th NIz & ZHAE
IKRL TV, & HICEF LRERPENE Z@XFHERYIC X 2 FREMTD NI,
C OFEHEHEREDINE OFITIIASFE IV b (vadose silt, crystal silt) DFFEIET & Vb
TWVWaBH, BAKETEIIVFEFTHEIORHEAOAEYIRAIKERZELEH, )
LEEDPHMGREBE R ENL RSN, ME/KOBREBMVENI>TZEHEINS.
DIED & 5 ¥ Bk ER Z2 6 2 HERE YIS, RiBORIRE <Y » B RICAE UM
REM (shoal) IKHEFEL/zE—Fowv 7 ThoAREENBY. HEINS DA
PREDOHEREIREX, HDTLE - BlR ENmUIEE AV LREE OB ZE TR AT
pseudosochwagerinids 7 X' F O BERERA BRI DV T O R Z X Fd 58D

EEZLNS.
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TReEE M pE A > O A HUAREEA - Ankyloceras takii Niko and
Nishida, 2003
IRF&H]

[LBR ARG REEE B RIS TR e

Niko and Nishida (2003)(%, 7RE# Ltk BRIERHHIEIC 77 3 2 RtE» 54
a5 X EYEEE Ankyloceras takii e Ulz, AREIZNZE & L TR, BAVIETSH
DT, ZTOMEZRENTT %,

TUFEObEIARBER., ChET/U7Y BLUYEOBBRRETHAEEZALNT
*7-, EHIEEREE 7 vEnb S ABICIREBY LOIBE., AELN (1) EEWME
DIERFR T, (2) 8RRz 2 AR, RO (3) BT 7F /94
Rr—hiiE, EEETHCLTHD. BLNVVOREICE U TREZ ORI
|NEEZIDNS,

A. takii DFELN)VORHIE, UTOED ThHs, AEE U TE/NETEEATE < dh
W o 2RO, BETEICAWT, BEIIEMARD . HEbldss IRz R RRH
F T TH B, BOBRELLIE., 1Z2IF0.8TH 5. BERICEENRY T 7T
O— 775, HEMBEOFELZ., FIE04ThH%, BAIOEZMER, RZEHIME
ET %, 77T/ VA RE— FBE. BURERDOARICRET %0

Ant s ARNCE. TryFatS B GEHTRAD LIHS AN F O AR
SRR A IVIVED . NEY VBRI OA ARV S AR G
WIVED) . RN 70AnvIRAE (FH WV /9 7Y ELUYEBDAR
5 2B TR . /Ury ELUYyBEOT7utIAE GifTRY
) L TIFaCURIDOTA NS AR BATRVK HNEENS. FEIOFE
RiZ. ORI LI—F AV AREEEZEZ 6NZ A0t T ARBEEED, A1
FRUAAUCTSVVTY =Tz AZB> THAN (ZLTREL LANE) £D57
i ELF TR ZRBT 58DLEEZI SN,

Ankyloceras accomodatum Zhuravleva, 2000 & 4. virgulaforme (Foerste, 1925)73A4. takii
POELFEE LT EFSNBA, BiHE & IERWTHEHOIIRE., % & IdRmEHOH
I & D EHERE & XAk B

SCHiR
Foerste, A.F., 1925: Cephalopods from Nesnayemi and Sulmeneva Fjords in Novaya Zemlya. Repr. Sci.
Results Norw. Exped. Novaya Zemlya, 1921, no.31, Norske Vidensk. Akad., p.1-38, pls.1-7.

Niko, S.and Nishida, T., 2003: First oncocerid cephalopod from Japan. Proc. Japan Acad., Ser. B, vol.79,

no.4, p.105-107.
Zhuravleva, F. A., 2000: Nobye Rannedevonskie onkotseridiy (Cephalopoda) Novoie Zemli. Paleont.

Zhurnal, 2000, no.6, p. 18-25. pls. 1-2.
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Ankyloceras takii Niko and Nishida, 2003. A, lateral view, X 4. B, septal view, X 4,
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