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NAKAE Satoshi (2021) Geochemical composition and origin of mafic rocks of the Jurassic accretionary
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Abstract: For the purpose of understanding their origin, mafic rocks (basalt and dolerite) included in
the Jurassic accretionary complex in the North Kitakami Belt in the Kuji area, Iwate Prefecture, were
geochemically analyzed by using XRF and ICP-MS. In this belt, the Akka—Tanohata and Kuzumaki—
Kamaishi subbelts are distinguishable from one another by their oceanic rocks having clearly different
age, and the both are also subdivided into several formations. The mafic rocks in the Kuji area are mostly
distributed in the Sawayamagawa and Kassenba formations; the former belongs to the Akka—Tanohata
subbelt and the latter to the Kuzumaki—Kamaishi subbelt. As a result of the analysis, low FeO*/MgO
ratio (< 2.23) suggests that the mafic rocks of the Sawayamagawa Formation originated from relatively
undifferentiated basaltic magma. Most of the Sawayamagawa mafic rocks are displayed on the fields
of oceanic island basalt (OIB) and within-plate basalt (WPB) of various discrimination diagrams. The
basalt of the Kassenba Formation is considered to be derived from more differentiated basaltic magma
(FeO*/MgO ratio = 3.78) than the Sawayamagawa mafic rocks, and plots on some discrimination
diagrams indicate that OIB and WPB are the most suitable nominations for its origin, although they are
plotted on the fields of MORB and/or island arc basalt of another discrimination diagram due to high
Y concentration. The mafic rocks of both formations contain high concentrations of incompatible HFS
elements and light rare earth elements, closely resembling OIB patterns in the N-type MORB- and
chondrite-normalized diagrams.

Keywords: geochemical composition, mafic rock, Jurassic accretionary complex, North Kitakami Belt,
Kuji area, Iwate Prefecture
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Fig. 1 Index map of the North Kitakami Belt and geological map of the Kuji area
(a) Location of the North Kitakami Belt and its subdivision. A-T: Akka-Tanohata Subbelt, K-K: Kuzumaki-Kamaishi
Subbelt, H.F.: Hayachine Eastern Marginal Fault, I.T.L.: Iwaizumi Tectonic Line. (b) Geological brief map of the Kuji area
with localities of the analyzed rock samples. The map is based on Nakae ef al. (2021). Gr.: Group, Fm.: Formation.
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Mafic rocks in the Kuji area

(a, b) Outcrop (a) and photomicrograph (b) of basalts of the Sawayamagawa Formation. (¢, d) Outcrop (c) and photomicrograph
(d) of dolerites of the Sawayamagawa Formation. (e, f) Outcrop (e) and photomicrograph (f) of basalts of the Kassenba Formation.
Microphotographs (b), (d) and (f) are respectively reused from the figures 3.15a, ¢ and 3.28a of Nakae et al. (2021). bst: basalt, mvc:
mafic volcaniclastic rock, cal: calcite, cpx: clinopyroxene, chl: chlorite, pl: plagioclase, ol: olivine. (b, d, f): open nicol.
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Fig. 3 Sample localities of mafic rocks in the Kuji area

The GSI map of the Geospatial Information Authority of Japan (http://maps.gsi.go.jp) is used for the base maps.
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Table 1 Whole rock major and trace element compositions of the analyzed mafic rock samples from the Kuji area
FeO* denotes total Fe as FeO. LOI: loss on ignition. Figures in parentheses represent the values that are recalculated to sum of 100 %.
n.d.: not detected.

Unit Sawayamagawa Fm. Kassenba Fm.
Location Uchimagi Kuzugata Kawamata Sawayama Seki
Sample no. RKS13-01 RKS14-01 RKS15-01 RKS16-01 RKS09-01b
Rock basalt basalt dolerite dolerite basalt
XRF major elements (in wt%)
SiO2 49.91 (50.83) 50.93 (51.43) 38.31 (42.77) 43.85 (48.84) 46.26 (49.69)
TiO2 2.77 (2.82) 2.95 (2.98) 2.52 (2.81) 1.70 (1.90) 2.59 (2.79)
Al203 16.07 (16.36) 14.86 (15.00) 9.56 (10.68) 12.86 (14.32) 16.67 (17.91)
FeO* 10.31 (10.51) 11.59 (11.70) 12.70 (14.18) 13.40 (14.93) 8.99 (9.66)
MnO 0.11 (0.11) 0.17 (0.17) 0.27 (0.31) 0.50 (0.56) 0.12 (0.13)
MgO 6.08 (6.19) 5.20 (5.25) 14.43 (16.11) 8.61 (9.59) 2.38 (2.56)
CaO 6.49 (6.61) 8.21 (8.29) 11.36 (12.68) 6.18 (6.89) 8.60 (9.24)
Na20 4.20 (4.27) 4.20 (4.24) 0.11 (0.12) 1.92 (2.14) 0.72 (0.78)
K20 2.13 (2.17) 0.69 (0.70) 0.05 (0.06) 0.58 (0.65) 5.78 (6.21)
P20s 0.12 (0.12) 0.23 (0.23) 0.26 (0.29) 0.16 (0.18) 0.97 (1.05)
H20+ 1.86 1.43 7.94 7.95 8.61
Total 100.05 (100.00) 100.46 (100.00) 97.51 (100.00) 97.71 (100.00) 101.69 (100.00)
LOI 0.71 0.14 6.52 6.46 7.61
ICP-MS trace elements (in ppm)
Li 30.2 21.8 37.4 75.2 54.1
Be 1.8 1.5 1.1 0.7 1.8
B n.d. n.d. n.d. n.d. n.d.
Sc 30.9 31.7 32.7 38.1 254
\Y% 318 378 353 530 226
Cr 33 29 2364 1184 275
Co 38 61 80 95 39
Cu 78 44 157 50 18
Zn 101 106 156 251 459
Ga 22.1 22.2 17.1 16.8 21.7
Ge 1.57 2.73 1.76 1.89 1.53
Rb 43.2 21.7 0.5 27.8 112.2
Sr 579.0 649.7 168.5 284.6 153.0
Y 31 39 25 24 62
Zr 243.8 248.5 200.7 106.6 264.9
Nb 48.86 47.40 32.98 13.40 51.82
Ru n.d. n.d. n.d. n.d. n.d.
Rh 0.79 0.74 0.61 0.62 0.30
Pd 14.24 18.46 10.29 10.80 21.87
Cd 0.14 0.13 0.13 0.08 0.15
Sn 2.54 2.63 1.99 1.08 2.35
Cs 1.664 2.336 0.135 2.868 5.273
Ba 118 139 2 26 333
La 30.36 30.41 21.68 9.17 39.36
Ce 67.79 70.00 50.87 23.15 75.46
Pr 8.67 9.12 6.57 3.16 9.80
Nd 35.0 37.8 27.8 14.7 39.3
Sm 7.73 8.21 6.22 3.60 8.61
Eu 2.557 3.034 2.197 1.300 2.541
Gd 7.10 7.94 5.73 4.03 8.82
Tb 1.077 1.191 0.841 0.693 1.382
Dy 5.81 6.55 4.71 3.99 7.86
Ho 1.111 1.292 0.857 0.805 1.642
Er 2.84 3.38 2.22 2.37 4.80
Tm 0.34 0.38 0.24 0.27 0.60
Yb 2.27 2.48 1.68 1.89 4.06
Lu 0.316 0.329 0.237 0.269 0.612
Hf 4.9 5.8 4.0 2.5 5.5
Ta 2.892 2.999 1.934 0.728 3.002
W 0.3 137.5 0.4 0.3 0.5
Os n.d. n.d. n.d. n.d. n.d.
Ir 0.19 0.15 0.24 0.05 0.13
Pt n.d. n.d. n.d. n.d. n.d.
Au n.d. n.d. n.d. n.d. n.d.
Pb 1.8 1.4 1.0 2.5 2.0
Th 3.10 3.28 2.24 0.90 3.77
U 0.624 0.613 0.466 0.230 1.068
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Fig4 Rock classification for mafic rocks of the analyzed samples from the Kuji area

(a) Total alkali-silica (TAS) diagram (Le Bas and Streckeisen, 1991). Boundary line between alkalic and subalkalic is referred from
MacDonald and Katsura (1964). (b) Immobile element TAS diagram (Pearce, 1996). Boundary between alkalic and subalkalic (Nb/Y

=0.67) is referred from Winchester and Floyd (1977).

HIZHHEI NP L T4 b (RKS15-01) i3Si0, & &= A3
Al W EE (B 4Xa) & B H, Immobile element
TASH TIEFTEE T b 2 DA VR & IZIFFRB DO Ze/Ti
WAERT (@E4Xb). 22020 &3, ik-2EiIc k-
THHEEDSIOETIH ) TRIBE L 72 Z & &Rk
TH5LDTH 5.

5.2 XERSTREEE

FeO*/MgOMIZ x4 % & FER e (1) o &HF
B EF SRR (FeO*id &8k #FeO& LTEIE L
7-Ml). % ¥, Si0, EFeO*DEALKIZRENSE AL T
LAY RHIE Y VT A RN S AER % 55 5 5
B 6 CICTIO,DZEALKIZ 364 B fHIgIE, ZhZh
Miyashiro (1974) & JEEEIZ 2> (1985) 1235 <.

RNz, TREE FL 54 M3Hicsiosd
EAZ L, TRA RKSI3-01, RKS14-01) T50.83 ~
51.43 wt%, KL 54 b (RKS15-01, RKS16-01) Tk D4
< 4277 ~ 48.84 wt% & 8 1), HEE 2 6 BEPE D
HUKREIRIZ 5 5. £ 72, FeO*/MgOIbi0.88 ~ 2.23 D
HickhzdZenrs, WBHRSLAMHKTHEEE A
3. UL T4 bRIITIEFeO*/MgOLD B K IZ X} L Sio,
BHEN S DRML 50028 (Miyashiro, 1974) &
LTETFONEA, ZAE FLI4 bosSio, FARIE
FeO*/MgOtL A FRED BNHIPIZ I TEHE ¥ 2 I

5. 51T, YL T4 FRIIOFEHE L TTiO, & FeO*
DEAR LN 5 (Miyashiro, 1974) ZE H5HR TV
35, TiO, HHEICPRPEIMEN SR 613 DD, 4
ISR A & X512 Z O A BMAPIZGED 5h b &

BEWEW, ZheoZen»s, RIUNEO®SES
MBI T LE Y LT A MEJHTH 5 L WiE T L.
TiO, A 813 1.90 ~ 2.98 wit% TrHhduiisE % it (MORB)

TR &K DN EE & D, FEEIE A (1985) 12 &

iR YRS (OIB) fHIkNIC R R & h 5. Zhig, &
MERAE (IAB) & LR U 72358, — MRS e - HiEs
DOEREIITIONIE A, X 5IZFeO*/MgObD K IZ ¥
I TiO, A BEDOHMAMORBX DOIBO i3k EL 55

(Wilson, 1989) Z &2 W T3, TiO, & & HALO;,
FeO*, P,0s DEA BIZFARHHE TRTED L A M < Ty —
T TTP,0s % i & £\ Vil (ALO; = 10.68 ~ 16.36 wt%, FeO*
=10.51 ~ 14.93 wt%, P,Os = 0.12 ~ 0.29 wt%) Z /"3 D
XL, ZOMORS TR & D IAH A ERT. FeO¥/
MO A/NE WL 54 b3 FE & iR L T, MnO
(0.31 ~ 0.56 wt%) &MgO (9.59 ~ 16.11 wt%) DEH &A
% < ALO; RN, O CHRENRRR D AL & b ETE RS
(72771, MnO:Na,ORREEDOWETHE 28> T3

WHEMER B B). 7z, Si0, FHHE (42.77 ~ 48.84 wt%)

EFe0*/MgOJ (0.88 ~ 1.56) 7ML < T HUUTHIE L TMgO
GHENLL 525 2 83, EEHUER OB & 3R
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Variation diagrams of major oxides against FeO*/MgO for the analyzed mafic rock samples from the Kuji area

Boundaries between calcalkalic and tholeiitic series in panels for SiO, vs. FeO*/MgO and FeO* vs. FeO*/MgO, and

tectonic fields in panel for TiO, vs. FeO*/MgO are respectively referred from Miyashiro (1974) and Shuto ef al. (1985).
IAT: island arc tholeiite, MORB: mid-oceanic ridge basalt, OIB: oceanic island basalt.
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MERRTHEEFA 5.
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wt% T $HE OMBR RN IC 2R & h, 2 RILIE
DODERE - FL I 4 b XD EWFeO*/MgOL (3.78) 7R
9. Z DFeO*/MgOLbid A 28 W MgO & A & (2.56 wit%) 12
kL h, K0MLL7-BRETHE L2 E£T.
TiO, L CaODEHEIZRIWINBLZRE - FLI4 &R
FROHFPHIZ & D PHFE 222 RSN, £ 72Si0, FeO*,
MnOTIIRIIE LR S L AR EERERT. &5
IZALOs B AR (17.91 wi%) IZ#H T L @7 3 F Bk
DK (ALO; > 16.5 wt¥%) IZ&R S B1EH, K0 (6.21
wt%) & P,0s (1.05 wt%) DEAEH#H L < LR ERT.

5.3 WMETHRER
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KAERTH, ZThZhOWMEILRRBEICOWTUIHIE
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FLLBWIREAZTR LB EV RO 6N 5. £ /2L,
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DEREE & DIKOLILERE % £5D (Wilson, 1989) Z & A
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oKk EHIZTh s ORNEA IR 5 Rt (IE
DIEE) &R

AR U (RKS09-01a) THEIR LI kB o &
Wi se, ZREE PV T4 eI A4 RT
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Fig. 6 Variation diagrams of trace elements against FeO*/MgO for the analyzed mafic rock samples from the Kuji area
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Fig. 7 Discrimination diagrams for the analyzed mafic rock samples from the Kuji area
(a) TiO,-MnO-P,0; diagram after Mullen (1983). (b) Ti-Zr-Y diagram after Pearce and Cann (1973). (¢c) Nb—Zr—Y diagram after

Meschede (1986).
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(Masuda, 1962 ; Coryell et al., 1963). Zti5, MI&LIC
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McDonough (1989) {Z55< .
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R E (AR NI G AR NS TR RYA ¥ (1Y : SN i i 8
o7z,

N-type MORBHUSALIX] (55 8 [Xla) (2550 T, RN
JIkG - AR OW B I HEL THR O h 2R e L
T, HAZRRME (B s BRE) 35 8 OONbIZH R
WAL, FLI4 M CIETIA R R (55 E 5
W) THIENEFONS. NbETUZHEE AN A WD
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Fig. 8

N-type MORB- and chondrite-normalized trace element patterns for the analyzed mafic rock samples from the Kuji area

(a, ¢) N-type MORB-normalized incompatible element patterns. (b, d) Chondrite-normalized rare earth element patterns. Both normalized
values, and compositions of N-type MORB, E-type MORB and OIB are after Sun and McDonough (1989). Order of immobile and rare
earth elements is referred from Pearce (1983), Masuda (1962) and Coryell et al. (1963). MORB: mid-oceanic ridge basalt, OIB: oceanic

island basalt.
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LR & O IITIRO S A & B, BRI 2 E-type
MORB & OIBOHI B ERE &7R LTy 5.

IV R IA4 MK B AT RBAEILIX (58 Xb) i<
HBWTH, N-type MORBHURLIX (5 8 [Xla) TR 5N 57
PREE R 2 AR I NS, DF D, SmETm
IZHPNEIRE SR 5N 5 DA IEHR A IE - ADOIEN
Rond, KalPHIEMRN TH W ET ISR fikk R
BT, 72, RILROBUBEIZIY FF4 P EDES,
4RHJIZHREEIZ 478 ULREEIZ & & AR 25 /2 b s
D OIEIE %78 (Lu, YbO 10 ~ 30 f5F2E 2% LLa ~ Eu
31015~ 200 5 FERE IZIRHE) . 2 MUE-type MORBZ:
W LIRS R (OIB) D 3 Az Hil4 52 3 DT H
5. HOHOENTIET S &, KREFILNIIE - &
WiEEE G FL o4 P XDEOBKEEZ RS, 72, &
W S U IR N S 12 NHREEIC & 20 A’ LREE
I A S22, BUSLE L Cidmiaiis & &
AL 2 OIBIZBSEPL U 2= 0 A kk X 2R §. 2 AU LR
WKL 54 b TR, £TORTIETEDOHFBMIZH
W & D HExFEIZ{E <, E-type MORB & OIBOD H 5] iy 14
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BERLTWS,

HiERAL 220X (55 7 [X]) TOIT, OIARRWPB (& %\
IZWPAB + WPTB) fHI 2 R & 2RI 8 & Ak
& DT R HEHE, MORBEURILIXIE 2 F A b EUE
LRIDE B S IZBWNTELE ERD D3RR AR (558
Kla, b). F7z, IATHHIR MK U'E-type MORBAHIRKIZ IR &
3 FLJ4 b 1EREHRKS16-01) 1, FEILEK (FESK
a, b IZHWT ORI L D HFSEXRLREEIZ g L 7=
E-type MORBIZH T W 3k 2R L T 3.

6. &

AFEMIE A oAt LA A 2 VB S I,
AEEAL B Y 2 7 REFIEA RO EEREEHDO —D &
LTEHETHD. ZTOKBHZRIWINGEE LTIX G
7o (A, 1974) 23, ZThUSHMZI S RAIKAERF v — MK
Bd 2/ S e L ClesIciRIELEN§5. 2
NFETIC, ZOEPESXWERO LA ML 7%
PE% & 5D & D 15H (Kawabe et al., 1979) 3dH 5728 D
D, FEMEES WM IR T I hh -7z A F
M (1972) B ORZA (1974) 1%, RIS O & B S &
IS OMRIEE - A T7Tar2 53284 - THD, Z
NOICHAT AN OEDAEEWMET 2 L ICThE
BUPEDKBRIEENIZ L > T b dhi-e £ 7= Hili
(1983) & UtMinoura (1990) & Z D L A % BRI
ok TR INZRIETHHERE L 20%
12 h A 1E A2 (1999) 12, AL 2ERRE (B AT - Pl o)
EFRTFHADE LR O TS RICE D &, WIlIFE
DEHEEIEREL THhWEL ZhERETH B &
kT L, 7L — P KBEIEENC RS 2SOV )
JRETHDBZ L EMR L. —F, WA T
ARG SR N [T 2 WA Ic 20w Tid, =i - A
¥ (2001) 72 5 CUZAKIAIE A (2010) 12 & > THgEL - WEEE
WCHKRT BT A ) EHRERT YL TA P THB I LN
&2z X 7.

F+BE D (1999) 23347 U 7= ACEBAL b o g 1213,
AFHIRNORILNEE 2> 5 BRI L 72 83kt & Eh Tk
D, ZNHIEARIFRRE D8 (RKS15-01, RKS16-01)
25 HIRIPEWETH 5. ThDIkE, il giR 4 (F
[ EAaR L3 5.

ARBTIILINIZ, AR O SE S 12D\ TR
THOWZRB & LB OSHHE A i L, 7Dk
WEIOERERHRIZOVWTEERT S, SBFE4N» S
FESXE TIZ, ERRBOMKERL 7.

6.1 EHHEADER

RIWIE

ARIFZETHE U220 E A 3 1 a0k 2 B & R L1 g A
SHMLZZEDTHD. ZhEFTlBNLL I I LY
M IZED < &, RILNESESEA 3 (DA A LIk

3810, DIRDN LD B B & BB B L~ R
T, YVLT7A MEDIRBBZ S 2L DD 77 ) BT
DA E L (554X), (2) KW FeO*/MgOtL & iy
MgO&EH R b IR AL s KRB E ~ 7 < ICHK

L7z & R &4, MORBIZ AR IZTIONT & T (5
5K LI EB AR, X512, B)PEYIZZLLTiE
NbiZE &0 Z & 2 5 HERAL E R FIFIX (35 7 X)) TIlE 2 < 28
TV — PALKREOHIRICEK RN EN B2 TERL, (@)
N-type MORBZ 5 TN ¥ F 54 Mz X BB LX T
HFSE & LREEZSBHE IR 5 /i L3 ) O3kt 52
WEND(E8Xa, b) ZEH5, WESL — FNDWE
BERFEE T A0REIREINSE, LALERS, (5)
FL 74 MEIREE &0 A afdlin g R4 & 1R
BHZ DO TR RPMORB A 2R L Th D, ZDZ
CFHSALNZ BT, ARSI HDRITG<,  faR}
2N EWE-type MORBO M AibkRICHHBPIL T b Z b &
BAENTH B.

FHE I TEED S BSio, AR, AW D 55 ik
(42.77 ~ 51.43 wt% ; #H4X) & LR o3 i (oK
PR T & 7398 ~ 51.4 wt%) & DRI TIE K & 7251 M
<, RIEE—FWHIZE 3. L2408, vrvDil
TEHIZ 31T 2 H8EEE L TH W 5 3Fe0*/MgOLIZ# L
KHEA25CEESK). D%, KUFZEORMLIEEZE A
0.88 ~ 223 (XA =170 ~223, FL 54 k=088~
1.56) ThH B DIZx L, itk Tid1.86 ~ 8.99 (HRE
=3.82~2899, BNV =1.86~2.95: L&IF5(1999)
DTable 1 KDEF) L&D, WHoicEMiEEE 5. L
AED (1999) THW 5 I 72MgO/(MgO + FeO*) L & [F U
27D LIEETH 5D T, TR THIERLTATY,
KIF7EaR (=031 ~ 0.53) & AR (=010 ~ 035) D
BIZKELENGFHETHHT, RABROBRER 72 B
&&ggﬂﬁmﬁﬁkaﬁvﬁﬁ,mmRLii%%M
BED BN GRIRIE A, 2010) 7 & AR E I 0 8 ¢k
BA R A B o JAH B 2 S AE 9 A LI E A o
WEVEUE (R BED, 1999) 1251 BFeO*/MgOLb % 7 %
&, KEDOFRBHT LA & 0 AT NMET S
(0.90 ~ 2.14 : =3 - 4%, 2001 ; 1.94 ~ 3.67 : KIAIEHD,
20105 0.42 ~ 4.01 : L&IEH, 1999). f-TIhb %
W 2 &, LaalrhathEtr & 0 B S 212 5L AT
LW A TH D RN TE 3,

Tz TR WEEERAE & &, KifER
BHZEARP,O; SR EA B L T4 ~5EL V0 EHESK) Z &
25, HEERAL 22893 311X (TiO~MnO-P,0s [X] : 457 Xla)
TOIT/OIABE R~ OIATEISIZ R R S h b, =i H|5l
X (5 7Kb, ¢) T, T — FANKREEICHK T XK
AR (WPB & WPAB + WPTB) Th 5 Z EA/RE 5
2, AR L DYIRE A2 ~ 3f5E V220 RlA
AR (EB 6 X)) 137 L — F NREVE > b Sbn 7=l (MORB
+ IAT + CAB® %\ MZE-type MORB) IZ& £ 5. Zhb
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DA% N-type MORBHUKALIX (B 8[Xlc) TR S &, filik
DEWYRSE 28T 8 DO, HFSERR AR E L ThoiR
B FRRDE 230 Do fikk AR L, SR 2 OIBD
AARRRICEEHT 2 EAHELTH S, £z, K%
AEH(FL 74 P 1R ERLS) LKL T, zr (Hf) 22
HOHAKER K OE, Tm, ToAERZX, OmENITAH
WISEEBIL T % (558K, o). & 512, EailBTid
IRTEL VFID AT H %5, AWEAE DN X WHFSE (Y,
Er, Tm, Yb’% &) ¥ HREEA % #1Z NN-type MORBHEIK
L& 3> F I 4 PSRN oW TR IRE T 5 5
BAERT D, BERIITAIFZE O & B 22 01B I FH I
T 50k %EH T % (GE8Xd).

Z O &S ISR B S O % DR CId b 5 1%
JER T 5 7ALERIR & H > T B A, &k e LTl
LA ICEEEZ O LR IS, BB LRIZHN TS
AR i 5 &, B TEARBIO AR I
W AATEZEnb2 5 (5E8K). % D3*%IFN-type
MORBH UL Tl & Z2 ~ 8f%, 2 F 54 MHKIL
KTh&Z15~5F2kh%. D%, MEEAEORIK
SR E Y 72 OIS ERIIZ BT, LaE
DHNEDFRENMEL, REATENID L IREL
WRTH B LR TE S,

CHIZE

B RE TIE, 13RO XA (RKS09-01a) (251 %
LR DO RIS i e 5 5. Bdo
&£ 912, (1) Immobile element TASIX| TR % & H$/E T
T ) ZEE OMKHIRIZ A D (554Xb), (2) HhERAL
ZEHBIXIC B TIE, EWYERE GBelX) 2 KM LT
MORBZ W U ISl XU i (IAT + CAB) ICRR &
% (B7Xb) & DD, fMOX (EET7 X, o) TETL— A
DS LA (OIAL WPAB + WPTB) Td 5 Z & AR
XNB. X 52(3) N-type MORBAESZAY F T4 |
12 X% B HRBALIXITIX, HFSE& LREED BRI A LA D
W ERT 20 A RO NS (558 Kla, b). ZThod
RO &, AR IRE L EET L — D
HEErRFEET2LFEL6N1 5.

AP & 2PN OFE B S & DB 50T,
K,0 & P,0; SO F B /3 TLR G RITITIAE 22513 i
5NLVH, FeO*/MgOAEH TEL, &bl =%
RETHBZLHIREND (FSK). £/, FEAGED
/NXWHFSE (Y, Er, Tm, YbZs &) & HREED A& fE 43
G BB ETEHETRA S, ZofEmE, Laikrice i’
ENBFHATH 5.

6.2 EHEADIMIRE

HPE S FAROTRILIIEIZZ O EAIZsWT, Ak
EEOLRGBSICEHDN S, WHEOMIZIE, XiE
7 EPREECS R T, X HICIERIKE SV LA
HeaH b KRR SRR 2 PRIt Y 51 5

(KA, 1974 5 KIRIEA>, 2008). L#51E A (1999) T
=&, RINEEEEE 2 7V — b KRS
BCHR T AMESRAEE FIRE T2 2 L h, K%
T A LA ORI 5B T i r-.

RN B S DO TERIIZ B U T3 A A 2
BT, ZhCHIET 2 RIkGaaH - Atky» 5 hERE
MR 5 AKERIBMAY DY I 2 - TR EDME
HE (A, 1974) 3d 55, FEAllA HVE BHRIS A ©
b3, —F, RRBAKEIZONTIELIRE &9,
B < 2 5 AER(1954) R 5 EIE A (1970) £ IS K B4~
T-Z2MavbR=F -9 3I2)HEDLADENBH
5N T3 &4LiZ, Epigondolella primitia=° Epigondolella
abneptis’s E#gtra /) F v MUABESIE S (&
JFIZE 2, 1980 5 SHHIEA2, 1987). ZTh b DL EREHER
Theh, —BRA—=7vBLEEE =) 7 VRETER
—HER (Krystyn et al., 2009) & Rz Xh 3.

a7 Py b ERLS FEROAIIEEEMTHE T L h
SAKEE, MREOUAMNL < 1228 U 22 LTHE R
WHEEREOY Y TP 626 S hizeEL LN 5,
5T, A &R & B VB DORIR (O
HE) LN A2 &I X 1B 4IRS DTERE O B
BRI TH D, P Ld =BRoPEIZIZT TICH
HRBE L TORINEIER SN Tz Liam S hd.

BWIHEIE, Fr— P eWEEIRE L INS Ik
THHEJEE - Vv VEIE 2> SRR E (2R, 1974),
INERTHOF v — b LT HICRET ZHATS - ¥
U NEYeS - WENEET S RS A 3T (F v —
PRS2 2V A)DEDIRL BB T % (RIAIE
7, 2008). AKEDOHFIEIBHEDOE Z A28 HMbhT
Wi, XA O@E D, SEGEOTIRE 4§
F v — POE FI/MIBERE UTRBL, BERNDO
7= OEBEN L BRIEMHEE SN TH0D, EiboF v — b
WEEY - 2V ADRRICHNET 6D LS h
5. EEFEUEBHREI CH 5 F v — MIEHZIIES 2 L
16, LREDRFEE L CMORBI MRS % A4 % i
WRZDEDTH /=R HETEL V. ULk
N6, ALK O 6 7L — b ARIEEI R
HaRooEhEIRaodke LT, AKEEE<E&
EFHRNWI L EZET S L, THIBMBIIZENE U MBS
Tid 7 < BB/ NS WL EBET 5 HREY &
Ziohb.

BRSO IEHICB L T, AR
D F ¥ — b » & Neogondolella bulgarica, Neogondolella
polygnathiformis, Xaniognathus tortilis, Neohindeodella
aequiramosa, Neohindeodella suevicals £, =B8R T =
VTV~ T T4 =T VWL, =) T VR ERT
I/ Py MEADIES, ZBRA VA FT VRIS
&+ % Neospathodus homeri®D e 3 s & 7z (BRI
22, 1980). & SRR TIE, ~L o R B RE
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MNREE NS T/ F Y MufA (BEIES, 1980) °, ~L
LR 5 ZBRE FEICA B RE & 15 Neogondolella
sp.& L72H (BAEIE 2, 2016) i ahr. 2ok ic
BWGREF v — P OHEFEREHNZ L 240 E Tl B Z LA
TE, ZHIHBET 2 XA OB S ~L 44 H %
Wiz hbliaie viEh s,

T T & Tikam L7z & 5 ICAEMIRO W@ B A 1A a1k
ZMRE 5, TV — bR R & R
L) ZREOUKEET LN K572
2, NS EPET B REITHITO RS R £ O HERER
B L) 2 5 HIlrd 5 &, WERE O R & IR i
BHWIKREL BE>TwW2EEZLRS. D%, Jt
AL B A T U 2 BRI & B %S s
13, TN AT iSO TR P
25 (MiF I B R OWEES - AIKE - F v —
b, BBICIZARKCUBEOAIKE - F % — FH %570 :
KE - KA, 1988 5 KIBIEA, 2005) H D, ThZFh
ORI G- L7z ET L — bOEWHIRE IS, %
7z, Wi & & B D M RIRE R O REFHICA S RS S 1
% (}2K, 1974 ; Suzuki ef al, 2007 ; 7L, 2018) & 3k
12, WEETHOHERGE TR TPl X h 3 R ot o)
MEEHIZ DWW T 4R, S Catll s REt»iTbh, R
M RAR L Z B E R TS (B2,
Suzuki et al., 2007 ; H VL, 2018 ; P BF, 2019 ; Uchino
and Suzuki, 2020). Z O &3 EiEE A AEE SHnE
OMGEICHEEDWWET L — b OBE» S 75 & AEKH
Boeid, R RE-HEM AR, AW REIEE
:%%Eﬁ%tﬁﬁ.éen,%gﬁﬁféﬁﬁbt%
%Eﬁﬁ%ﬁ?éﬂﬁﬁﬁﬁ@%ﬁ%&ﬁ@ﬁg1%@
&P BN O EERE » 503 HEARRE (5
EA, 1964) 13, AR E A OEBE» 5 2 hE
MR- & 52 nfmicmd e ahs il
ZE, S AYE, 20015 KIAIE A, 2010). AKIAIEA (2010)
12k B &, —FBBNEAHE OB SR TS 7L
#) HRE (OIA) Ik L, 7 O REEENBES 2 10
IKEPSER LT VE 4 FURBHEICE D X AR
EFEZ2AET VHICEESI RS, L AKLIANCER S h
72O0IAHK &\ 9 ST, FUBE-SOHHICET A
BREOZRELEKEAERIR AL, & ZANAIK
BORML, WHICBT W - RS OBUER 2 D
Bl 5T EERL TS ARENEY S 5.

HUE T L 22 & 5 IS AL Lo 2R, 2
75 B - AT IR & = I OWEL - PR A D
IR BREPHICE UTRINL 72 Z &SHER§ 5 alagtk
BHY, FTHEMIT 5720 XSGRO B S % 00
LA DT OB & iRA Tz, 2 ORRIE, MEE
TR L 228 3 FAF ALV, 5H S SITRRN
ERET A ENE LIERAERE L TS LEL D 5.

K CTHEG L =2NE LA, BITO@ED Th 3.

D) A FRAEHIRIC 35 1) 2 ALHAL B2 2 7 R IES
RICPAE T 28BS I D0 T, AE bR 2
L7z, WEVEA THEE S W IR, AIcEED
EFLIA FERREICKE NS, F-FHIGRE
FiAZF v — P EWEP ORI, F v — b ORKHES
ZERAE DB 5.

DPWNNBOMEHERITIF LS4 F1IRRBY L7 A4 b
BTHBEDD, ZTOMITILH ) LA OHURES
B L, BRI EXREBE~ s <IcHkL -
WPA~BESBETH B EREEIh 5. HEKMLEDN
FIHIHRTIE T L — PRGSO R RSN D 72
T Th<, N-type MORBA LIV FF4 MiZkd
ALK A 5, WEET L — N NOWBES EEFEE T2
AREMESRIB X B, 7270, FL o4 PEZRRAE &
DMORBMMEEHEL, YL 74 NEATH S 1FHE
E-type MORBIZSH{LL 4 5.

3) AR LR TR EESE S L KT 5 &, K
PO FEERATCREH BEICHHE 5221300, b
SOBITLAZRETHD I LR EN5, HERLF
B TIE 7 L — b KBS BRI % RO UE S
TAA ) LA DHIHIC /R E N, % 72N-type MORB
KHEIZT Y F T4+ ORELXIRMEES X s
I 2 3 fkk AR Eh 5.

) EPBEEE RO I N T NORITHILE MR T 5 50
Rt e 2 OHEREIFIICHS < &, WIS #E A 1
TH# B 2 WIS v Tk 1S Bl EICZK
Sh-lwtEIcHkL, F2ARERERA T~ L
ACLSEIR & M7z MR L ok § 5.

SR AT, BRI WEFAERA Y 4 —ICk B[R
BHEX T 0P 2 b (575550 1 HVE Xk e k) |
D—EELTEBINZEDTH S, ELEHE ST
2B U A R F R e iRk S i o0 B i B3 - I
W21 =72 %, N2 IR GERID) 1S3 A& HiD
FaEo>ThrEn D Eol 4t &y 5.
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