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Mts. Iwate and Himekami seen from the top of Mt. Iwagami, Iwate Prefecture

Mt. Iwagami (alt. 1,103 m), Morioka City in Iwate Prefecture, consists of the Early Jurassic accretionary complex
in the North Kitakami Belt. Greenish gray chert, contact-metamorphosed by the underlying Early Cretaceous
granite, crops out on the top of the mountain as is often the case with peaks and ridges in this area. The active
volcano Mt. Iwate (alt. 2,038 m) is seen in the west and Mt. Himekami (alt. 1,124 m) of Early Cretaceous granite in
the northwest. The Kitakami River flows from north to south in the Kitakami lowland between the two mountains.
Mts. Iwate, Himekami and Hayachine are regarded as the three major mountains in Iwate Prefecture. According to a
folktale, Mt. Himekami is the wife of Mt. Iwate and Mt. Hayachine is his mistress.

(Figure and Caption by UCHINO Takayuki)
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UCHINO Takayuki (2021) Significance of the Sotoyama District, quadrangle series 1:50,000, and the
special issue on its primary data. Bulletin of the Geological Survey of Japan, vol. 72 (2), p. 95-97, 1 fig.

Keywords: Quadrangle series 1:50,000, Sotoyama District, Iwate Prefecture, North Kitakami Belt,
Jurassic accretionary complex, basalt, radiolarian fossil, zircon age, tephra
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Geotectonic division of the Kitakami Massif and areas of the Quadrangle series. Base map was referred from the Seamless Digital

Geological Map of Japan (1:200,000) V2 of the Geological Survey of Japan, AIST (2019). Star symbol indicates a location of the
geologic sample targeted by each paper in this special issue. Legend of the South Kitakami Belt is omitted. Most recently reported

Early Triassic stratigraphic unit (Uchino, 2021) in the Nedamo Be
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UCHINO Takayuki (2021) Middle Jurassic zircon age from sandstone within the accretionary complex in the
North Kitakami Belt, Kamatsuda area in Iwaizumi Town, Iwate Prefecture, Northeast Japan: Verifying the age of
the accretionary complex containing the Okawa Sample. Bulletin of the Geological Survey of Japan, vol. 72 (2),
p- 99-107, 4 figs, 2 tables, 1 appendix.

Abstract: Uchino (2019) conducted U-Pb dating of detrital zircon from some sandstone samples in the
Jurassic accretionary complex, whose terrigenous clastic rocks are unfossiliferous, in the southwestern
margin of the North Kitakami Belt. As a result, the Early and Middle Jurassic accretionary complexes
were recognizable. However, the youngest cluster age of ca. 260 Ma was also recognized from the
sandstone (“Okawa Sample” in the Kamatsuda area, Iwaizumi Town, Iwate Prefecture) located between
outcrops of the respective sandstones corresponding to the Early and Middle Jurassic. Regarding
interpretation of its deposition age, the Late Permian, Late Triassic or Early Jurassic had been proposed.

In this study, U-Pb dating of detrital zircon from sandstone near the outcrop of the Okawa Sample was
conducted anew to verify the age of the Okawa Sample. As a result, a youngest cluster age of ca. 160 Ma
was newly found. Thus, the accretionary complex containing the Okawa Sample in the Kamatsuda area
proved to be the Middle Jurassic, not the three assumed epochs listed above.

Keywords: U-Pb age, detrital zircon, Jurassic, accretionary complex, sandstone, North Kitakami Belt,
Sotoyama District, Northeast Japan
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Fig. 1 Geological map of the southwestern margin of the North Kitakami Belt, including sampling locations for zircon U-Pb ages.
Geological map was referred from the Seamless Digital Geological Map of Japan (1:200,000) V2 of the Geological Survey of Japan,
AIST (2019). Legends of the Nedamo Belt are omitted. Colorless areas show water areas or the Cenozoic geologic bodies.
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Fig. 3 Photomicrographs of thin sections of sandstone samples for zircon dating. Komagasawa Sample for (a) and (b); Okawa
Sample for (c) and (d). Cross-polarized lights for (a) and (c); open-polarized lights for (b) and (d).
BS: black seam, Cal: calcite, Ms: muscovite, Pl: plagioclase, Qz: quartz, Src: sericite.
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Table 1 Instrumentation using a quadrupole inductively coupled
plasma mass spectrometry for the analysis.

Laser ablation
Model CARBIDE (Light Conversion)

Laser type Femtosecond laser
Pulse duration 224 fs

Wave length 260 nm

Energy density 6.7 J/em?

Laser power 70 %

Spot size 10 pm

Repetition rate 100 Hz

Duration of laser ablation 10's

Carrier gas (He) 0.75 L/min

ICP-MS
Model iCAP-TQ ICP-MS (Thermo Fisher Scientific)
ICP-MS type Quadrupole
Forward power 1550 W

0.95 L/min

ThO/Th (oxide ratio) <1%

Data acquisition protocol ~ Time-resolved analysis

25 s (15 s gas blank, 10 s ablation)

Make-up gas (Ar)

Data acquisition

Monitor isotopes 2981, 202Hg,me, 206Pb, 27pp, 298pp, B2Th, 28U

Dwell time 0.2 s for 296Pb, 207Pb; 0.1 s for others
Standards
Primary standard Nancy 91500
. s ¥2,3,4 . %5 *6
Secondary standard OD-3 , Plesovice ~, GJ-1

*1: Wiedenbeck e al. (1995); *2: Twano et al. (2012); *3: Iwano et al. (2013);
*4: Lukacs et al. (2015); *5: Slama et al. (2008); *6: Jackson et al. (2004).

HYINTVIE1585+6.1 MaT, SKT2 SRS bk
#2299 A4 =413 164.8 £ 6.5 Ma (mean square weighted
deviation: MSWD=2.9) T& 5.

4. BERBOREER

4.1 B4 iREE ORI

B PGB ORAE 7 5 2 4 —4ER1E 164.8 £ 6.5 THHA
~®%WY 2 oA RT. ZOFEMRIE, KM 5t
#9910 km#feh 7z i HRGRH (BB 1 XD Loc. 4) D 170.8 £2.0
Ma (1Y 2 5 %2) (INBF, 2019)
RGO & B RGRB & 2 Hikd 5 &, &5 6 &4k
ROV OEENRLL, 7200 LR By
ERTHAY 2 T E-h Y o T RETRICE -2 A FD
ERGA S5 — VLTS (54Xd, 0. eHr T
THRRO Y LT vizonT, GBI O A & 0
WwWoLaYEELEOO, HITHFEAN (2500-1600 Ma)
DOVLAY ULIAEZEORETHELT 2 (E4Xc, o).
Y 2 RO RN - PEIVKRCS T HASE TIZE A
ERD NV, EEETIIHEEIZRY 5 h, YD
W7 VT KEFBIR TIIAREIAER CTH 725 4

5ENTWB (il Z21F, Sagong et al., 2005 5 Lee et al., 2018) .
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Wrxhs.
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Table 2 Zircon U-Pb isotopic data for Komagasawa Sample determined using a quadrupole inductively coupled plasma mass spectrometry.

Isotopic ratios Disequilibrium corrected U-Pb age (Ma)

207 206 207, 206, 207, Th
No. 206£E E;r:r zsr::l’Jb Ezrg)r zs%b Ezrg)r 23;3Ub 2E(r’ror 235F’Ub s(;ror Bemarks
1 0.0527 + 0.0068 0.0346 * 0.0012 0.2517 + 0.0390 2194 +74 227.8 + 322 0.87

2 0.0561 + 0.0082 0.0419 * 0.0016 0.3236 * 0.0581 2645 + 99 284.6 + 45.6 0.53

3 0.0952 % 0.0111 0.0326 * 0.0011 0.4281 + 0.0621 206.9 + 7.1 361.7 + 452 0.62 Dis.
4 0.0536 * 0.0069 0.0420 * 0.0014 0.3105 * 0.0490 2654 + 89 2745 + 38.7 0.49

5 0.0504 £ 0.0085 0.0387 * 0.0016 0.2689 =+ 0.0547 2448 + 10.1 241.7 * 4438 0.56

6 0.0488 + 0.0078 0.0291 * 0.0011 0.1957 + 0.0363 1850 + 7.2 181.4 + 313 0.35

7 0.0484 + 0.0064 0.0294 * 0.0010 0.1960 * 0.0305 186.7 + 6.3 181.6 + 26.2 0.55

8 0.0466 =+ 0.0077 0.0419 + 0.0017 0.2694 + 0.0535 264.7 +10.5 242.1 * 4338 0.75

9 0.0501 =* 0.0062 0.0267 =+ 0.0009 0.1843 =+ 0.0269 1628 + 55 171.7 + 234 0.45 *
10 0.0546 =+ 0.0062 0.0376 * 0.0012 0.2832 * 0.0392 2382 *73 253) = 318 0.62

11 0.0850 =+ 0.0140 0.0276 * 0.0013 0.3231 =+ 0.0646 1753 + 8.2 2842 + 50.8 0.76 Dis.
12 0.0645 + 0.0083 0.0305 * 0.0011 0.2711 + 0.0420 193.7 + 68 2434 + 34.1 0.5% Dis.
13 0.0513 * 0.0076 0.0404 * 0.0015 0.2862 * 0.0510 2557 95 2554 * 411 0.95

14 0.0511 =+ 0.0059 0.0317 * 0.0010 0.2233 + 0.0307 2012 *62 204.6 + 258 0.5/

15 0.0579 + 0.0087 0.0414 % 0.0016 0.3305 * 0.0611 2618 +10.2 289.9 + 47.7 0.60

16 0.0543 + 0.0109 0.0401 * 0.0020 0.3002 * 0.0736 2536 * 125 2664 * 59.2 0.73

17 0.0472 + 0.0076 0.0394 * 0.0016 0.2561 =+ 0.0493 2492 9.7 231.4 + 40.6 0.57

18 0.0424 =+ 0.0076 0.0423 * 0.0018 0.2469 =+ 0.0528 2670 *11.0 2239 = 439 035

19 0.1109 * 0.0104 0.3193 + 0.0091 4.8831 + 0.6641 1786.5 * 449 1799.2 +121.8 0.56

20 0.1133 + 0.0103 0.3163 * 0.0086 49417 + 0.5890 1771.7 + 425 1809.3 + 106.2 0.62

21 0.0547 =+ 0.0064 0.0390 * 0.0012 0.2939 + 0.0418 2464 * 7.7 261.5 * 834 0.41

22 0.0531 + 0.0057 0.0398 #* 0.0015 0.2910 + 0.0362 2514 + 94 2592 = 289 0.15

23 0.0641 + 0.0115 0.0396 * 0.0021 0.3503 * 0.0771 2505 * 13.1 3049 + 59.7 0.61

24 0.0496 =+ 0.0063 0.0730 * 0.0030 0.4993 =+ 0.0806 4544 + 18.2 411.1 % 56.1 0.47

25 0.0526 + 0.0058 0.0311 % 0.0012 0.2252 + 0.0286 1978 £ 76 206.1 + 240 0.35

26 0.0513 + 0.0083 0.0405 * 0.0019 0.2867 * 0.0551 2562 *=11.8 255.9 + 444 0.84

27 0.0595 + 0.0103 0.0384 =* 0.0020 0.3151 =+ 0.0657 243.0 + 122 278.0 + 52.1 0.75

28 0.0536 =+ 0.0053 0.0257 * 0.0010 0.1901 + 0.0211 163.9 + 6.0 176.6 + 18.1 0.46 *
29 0.0507 =+ 0.0063 0.0348 * 0.0014 0.2438 + 0.0348 2209 +88 221.4 + 2838 0.58

30 0.0548 + 0.0052 0.0387 * 0.0014 0.2921 + 0.0321 2447 + 88 260.1 + 25.5 0.67

31 0.0533 + 0.0054 0.0254 * 0.0009 0.1867 =+ 0.0212 161.6 + 6.0 1437 % 183 0.28 *
32 0.0535 * 0.0084 0.0284 * 0.0013 0.2096 =+ 0.0375 180.7 + 8.3 193.1 * 320 0.64

33 0.0478 + 0.0095 0.0295 * 0.0015 0.1946 =+ 0.0438 187.6 +9.7 180.4 + 38.0 0.60

34 0.0522 + 0.0048 0.0387 * 0.0014 0.2784 =+ 0.0294 2446 + 87 2492 =* 237 0.76

35 0.0534 + 0.0056 0.0407 * 0.0015 0.2992 =+ 0.0363 2570 * 9.6 265.6 * 28.8 1.60

36 0.0489 + 0.0058 0.0295 * 0.0012 0.1988 =+ 0.0268 18756 £ 73 1840 + 229 0.70

37 0.0548 =+ 0.0085 0.0297 * 0.0014 0.2243 + 0.0398 188.7 + 8.6 205.4 + 33.6 0.61

38 0.0506 =+ 0.0058 0.0384 * 0.0015 0.2680 =+ 0.0355 2432 + 9.4 2410 + 289 0.73

39 0.0483 + 0.0065 0.0302 * 0.0013 0.2015 + 0.0310 192.1 + 8.0 186.3 + 26.5 0.46

40 0.0485 + 0.0055 0.0293 * 0.0011 0.1964 * 0.0253 186.5 + 7.1 1820 * 21.7 0.83

41 0.0534 =+ 0.0067 0.0391 * 0.0018 0.2876 =+ 0.0450 2472 + 111 256.6 + 36.1 0.50

42 0.0480 =+ 0.0064 0.0380 * 0.0017 0.2512 + 0.0411 240.3 + 10.9 2274 * 339 0.71

43 0.0530 * 0.0037 0.0249 * 0.0010 0.1817 * 0.0163 158.5 * 6.1 169.4 + 141 0.32 *
44 0.0495 =+ 0.0057 0.0284 =+ 0.0012 0.1941 + 0.0265 1808 + 7.8 180.0 + 22.8 0.77

45 0.0574 + 0.0099 0.0429 * 0.0023 0.3397 =+ 0.0742 271.0 + 145 2968 =+ 57.8 0.58

46 0.1205 + 0.0049 0.3206 * 0.0121 5.3268 +* 0.5028 17929 * 59.3 1873.0 * 843 1.09

47  0.0561 =+ 0.0038 0.0317 % 0.0012 0.2451 + 0.0220 2010 +77 2225 & 181 0.62

48 0.1172 * 0.0066 0.3332 % 0.0136 5.3844 + 0.8289 18540 * 66.2 1882.2 * 141.3 1.09

49  0.0586 =+ 0.0065 0.0299 =+ 0.0013 0.2415 + 0.0330 1898 + 83 2195 =+ 27.3 0.53

50 0.0530 =+ 0.0026 0.0388 * 0.0014 0.2830 * 0.0204 2452 * 90 2529 # 163 0.53

51 0.0558 =+ 0.0051 0.0403 * 0.0017 0.3101 * 0.0369 2548 + 10.4 2741 % 290 0.52

52 0.0636 =+ 0.0072 0.0406 * 0.0018 0.3564 =+ 0.0522 2568 +11.4 3094 + 39.9 0.40 Dis.
53 0.0542 + 0.0060 0.0277 * 0.0012 0.2073 * 0.0275 1762 = 7.6 191.1 + 234 0.78

54 0.0486 =+ 0.0050 0.0269 + 0.0011 0.1798 + 0.0221 170.9 + 7.1 167.8 + 19.2 0.57 *
55 0.0524 + 0.0070 0.0395 * 0.0018 0.2856 =+ 0.0474 2500 +11.5 2549 + 38.2 0.68

56 0.0510 * 0.0038 0.0384 * 0.0015 0.2702 * 0.0262 2429 + 94 2427 212 0.41

57 0.0508 + 0.0038 0.0305 =+ 0.0012 0.2136 =+ 0.0205 19386 £ 7.5 196.4 + 173 0.44

58 0.0500 =+ 0.0038 0.0285 * 0.0011 0.1967 * 0.0191 1814 + 7.1 1822 + 16.4 0.84

59 0.0522 + 0.0053 0.0395 * 0.0017 0.2847 =+ 0.0367 2500 + 10.4 2543 * 29.5 0.56

60 0.1482 + 0.0056 0.4005 * 0.0150 8.1837 =+ 0.7641 21712 + 69.6 22514 +* 88.5 0.53

61 0.1718 =+ 0.0066 0.3715 % 0.0140 8.8025 * 0.8473 2036.5 * 66.2 23176 & 92.0 0.31 Dis.
62 0.0545 =+ 0.0037 0.0511 + 0.0020 0.3838 + 0.0359 321.4 + 122 329.7 + 267 0.31

63  0.0553 =+ 0.0062 0.0326 * 0.0014 0.2485 =+ 0.0342 206.6 + 89 2252 + 282 0.91

Asterisks indicate the data adopted as the youngest cluster.
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Fig. 4 (a, b) Concordia diagram of zircon ages from the sandstone

of the Komagasawa Sample (Loc. 5 in Fig. 1). A gray
ellipse in the concordia diagram is discordant data. (c, d)
Probability density plot and histogram of the concordant
data of the Komagasawa Sample. Horizontal axis indicates

a”*U-""Pb age. A blue bar indicates the zircon ages with
a 20 error composing the youngest cluster. A green line
indicates a weighted mean age of the zircon ages. (e, )
Probability density plot and histogram of the concordant
data of the Mukaizawa Sample (Loc. 4 in Fig. 1). (g)
Probability density plot and histogram of the concordant
data of the Okawa Sample (Loc. 3 in Fig. 1). (e, ) and (g)
are after Uchino (2019).
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Table A1 U-Pb isotopic data from secondary zircon standards using a quadrupole inductively coupled plasma mass spectrometry. WMA:
weighted mean age.

Isotopic ratios Disequilibrium corrected U-Pb age (Ma)
No. 27pp Error 2ppy Error 27pp Error 2%5py Error 2pp Error Th
206py, 20 238 20 235 20 238 20 235 20 U
GJ-1(610.0£0.9 Ma)
GJ1 5-1 0.0604 + 0.0062 0.0965 + 0.0028 0.8032 + 0.1067 5941 + 16.8 598.5 + 62.0 0.05
GJ1 5-2 0.0587 + 0.0036 0.0970 + 0.0037 0.7856 + 0.0762 596.7 + 221 588.5 + 44.3 0.05
WMA: 595.1 + 13.4
PleSovice (337.120.4 Ma)
PSV 5-1 0.0522 + 0.0055 0.0530 + 0.0016 0.3815 + 0.0491 3329 + 95 328.0 + 36.7 0.09
PSV 5-2 0.0564 + 0.0035 0.0522 + 0.0020 0.4060 + 0.0355 3280 * 123 3459 + 26.0 0.09
WMA: 331.0 * 7.5
OD-3 (33.0£0.1 Ma)
OD3 5-1 0.0455 + 0.0092 0.0051 + 0.0002 0.0320 + 0.0068 329 + 15 319 + 6.7 1.16
OD3 5-2 0.0452 + 0.0092 0.0048 + 0.0003 0.0296 + 0.0062 307 + 17 295 + 6.1 1.05
WMA: 31.9 * 1.1
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BEH - fBSH - Note and Comment
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UCHINO Takayuki (2021) Geochemical features and origin of basalt within the Jurassic accretionary complex
in the southwestern margin of the North Kitakami Belt, Northeast Japan. Bulletin of the Geological Survey of
Japan, vol. 72 (2), p. 109-118, 4 figs, 1 table, 2 appendices.

Abstract: Basalt within an accretionary complex is generally considered to be part of fragments scraped
from a subducting oceanic plate. Regarding the basalt within the North Kitakami Belt in Northeast Japan,
although it is also thought to be of oceanic islands, there have been few geochemical studies of the basalt.
In this report, whole-rock geochemical analyses were preliminarily conducted on six basalt samples from
the Early-Middle Jurassic accretionary complexes in the southwestern margin of the North Kitakami
Belt to determine their origins. As a result, four samples showed a geochemical signature consistent
with MORB, whereas two samples were alkaline oceanic island basalt, according to geochemical
discrimination diagrams and trace-element spider-diagrams. Notably, a certain amount of basalt indicating
the MORB signature is recognized within the North Kitakami Belt.

Keywords: basalt, whole-rock analysis, Jurassic, accretionary complex, MORB, oceanic island, North
Kitakami Belt, Northeast Japan
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Fig. 1 Geological map of the southwestern margin of the North Kitakami Belt, showing sampling locations of basalt. Geological map
was referred from the Seamless Digital Geological Map of Japan (1:200,000) V2 of the Geological Survey of Japan, AIST (2019).
Cenozoic geologic bodies are not painted, and legends of the Nedamo Belt are omitted.
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Fig. 2

Photomicrographs of thin sections of the analyzed basalt (plane-polarized light). (a) Sample A from forest road
along upper stream of Nakatsu River. (b) Sample B from Kinemata Stream, branch stream of Nakatsu River.
(c) Sample C from Okawa River in Kamatsuda hamlet. (d) Sample D from middle stream of Karumatsuzawa
River. (¢) Sample E from Shogakubo Stream, branch stream of Karumatsuzawa River. (f) Sample F from large
cliff below the Gando Dam.

BS: black seam, Chl: chlorite, Cpx: clinopyroxene, CP: clinopyroxene phenocryst, Ilm: ilmenite, Pl:
plagioclase, Pm: phenocryst pseudomorph, PP: plagioclase phenocryst, Tau: titan augite. All samples are under
the open polarized light.
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Table 1 Whole-rock major- and trace-element geochemical
data for basalt in the southwestern margin of the North
Kitakami Belt. Major- and trace-element units are wt.%
and ppm, respectively. FeO*: total Fe as FeO, L.O.1.: loss-
on-ignition.

Sample No. A B C D E F
Rock type  MORB MORB MORB MORB OIB OIB
(Wt.%)

SiO, 51.10 46.19 4292 4747 46.57 47.03
TiO, 1.31 1.99 1.35 1.44 2.78 1.98
Al,O4 18.12 17.18 18.38 1639 16.28 18.02
Fe,04 1422 12.05 11.23 1048 12.64 9.88
MnO 0.11 0.18 0.18 0.17 0.21 0.18
MgO 1.83 5.06 4.53 6.93 6.23 6.22
CaO 2.91 9.03 14.02 9.28 4.74 4.80
Na,O 6.35 2.57 2.47 3.72 3.77 4.43
K,O 1.28 2.82 0.16 0.25 2.38 1.68
P,04 0.17 0.14 0.11 0.14 0.60 0.50
Total 9739 9722 9535 9627 9620 94.72
L.OI 1.84 3.03 5.16 4.06 3.76 5.82
FeO* 12.80 10.84 10.10 943 11.37 8.89

FeO*/MgO 699 214 223 1.36 1.83 1.43
Na,O0/K,0 496 091 1544 14.88 1.58  2.64

(ppm)
Sc 42 45 48 36 15 15
\'% 191 323 351 249 179 173
Cr 250 350 680 220 <20 <20
Co 46 47 38 35 22 26
Ni 70 110 210 70 <20 <20
Cu 30 40 30 70 20 30
Rb 20 46 3 3 33 51
Zn 200 180 110 110 140 100
Sr 145 153 190 35 340 216
Y 30 36 32 24 35 25
Zr 72 114 81 93 265 183
Nb 2.6 2.6 <0.2 6.3 64.9 48.3
Ba 64 190 140 40 325 290
Pb <5 <5 <5 <5 <5 <5
Th 0.3 0.2 <0.05 0.5 5.5 4.2
Ga 11 21 21 14 23 18
Hf 1.8 3.0 2.1 2.1 5.9 43
Ta 0.2 0.2 0.0 0.4 4.0 3.0
U 0.2 0.1 0.2 0.2 1.5 1.1
La 3.7 5.1 2.6 6.0 51.4 30.7
Ce 6.9 11.1 8.4 14.7 101.0 65.4
Pr 1.4 2.2 1.6 2.2 11.5 8.0
Nd 6.7 12.9 9.5 10.4 45.3 31.3
Sm 2.6 4.6 3.2 3.2 9.7 6.8
Eu 1.0 1.7 1.3 1.2 3.1 2.0
Gd 3.7 6.0 4.7 4.2 8.6 5.8
Tb 0.7 1.1 0.9 0.7 1.3 0.9
Dy 5.0 6.7 5.6 4.5 7.0 5.2
Ho 1.1 1.4 1.2 0.9 1.4 1.0
Er 3.1 3.9 3.6 2.5 3.6 2.7
Tm 0.5 0.6 0.5 0.4 0.5 04
Yb 2.9 3.6 3.6 2.4 3.1 2.4
Lu 0.4 0.5 0.6 0.4 0.5 0.4

FeO* and MgO of FeO*/MgO, and Na,0O and K,0 of Na,0/K,0

are the vaules normalized to anhydrous 100 % in total.

WX 28, HIEICH L 72, WEGERE (L. 0. DIZD0n
Tid, B2 g% 1,000 CT2HERINE L 7212 12 L 7=,
B, FHELOSMEBEIZI DOV TZActlabsttD Y = 74
4 b (http://www.actlabs.com/) TEHET & 3. F/-, [EiUt
AR D HE % FR 1R L 7=,

SRR A S 1 RIS T, SO, BHEEIF43 ~ 51 wt.%
ThHh, BBIZEZ2EDOILEBENH S L 2EET
3&, MRZRAEMEERTE WA S (BE3Xa). KRR
21858 wt%TdH 5. C, DOREHIK,0/Na,0ktA% 15
TR L DFREHI IR TEL, TAHVILED b H1EE
OBEHIRE X NS, FHICORRENSIO, &8 &Rt
£ 0 EFOCaOFHEIL, TWNMEERDFAFEE) 23
LT3 EEZL6N5. AldFeO*/MgON 7 & EWAR, Z
NIIFREEADFETE b 2HKFHLKEIZEL TS Z
ik Bd. F72, ADSIO,RNa,0DEHEMMLE D 15
WHIHH G TTRBENC L 2 B2 b 5. EITTRICEHH
T5L, A-DOREIEE, FORBIE DRIIZK X a8
o ohs. HlziE, A-DORRHLSe - V - Cr - NidE,
FORE & O &Vl %R 2%, Zr-Nb - Ba- Th - Hf -
Ta-U-La-Ce-Pr-Nd-Sm-EulZB L CTIZE, FOR
B & DKM A R

4. TREDER

kR OZRED & 512, DhrsFEY - £k%E
B> TOWBEADEESGEHET 51013, ZRIERIC
Ko THBILIZKWTi-P-Zr - Y - NbBEEDES 54 F
Ul D BT A TCHE (HFSIER) % FH O 72 MRk 2251
KAETH S (A1, Cann, 1970 5 Hart ef al., 1974 ;
Pearce and Norry, 1979 ; Meschede, 1986 ; Bienvenu ef al.,
1990).

TN IET ) A E X ST S0, Nb/Y X
(Winchester and Floyd, 1977) 2%\ Cik, EEFD 250k
ANb/YIH0.67 L ED 7L ) BRI T ey b Xh B
(#%53Xla). Ti-Zr—Y[X| (Pearce and Cann, 1973) @ HhER{L
R T, WKTT S ) EICHY T 3EEFOR
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12, 2h LS oEHE, HITRRE S %V IEMORBDH
Wiz7 vy b &hd(H3Ke). Nb/Yb-Th/YbIX| (Pearce,
2008) T &, ELFORBHIOIBIZ, Z 4 ok
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DIz Ty b E D (E3IM). Ak, KIZidRL
TWEWA, E, FIZTiOMnO-P,0, X (Mullen, 1983) T
LERIEDOIADTHBIZ 7T » b Eh 3.
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Fig. 3

Geochemical discrimination diagrams of data from basalt in the southwestern margin of the North Kitakami Belt. (a) SiO,~Nb/

Y discrimination diagram, after Winchester and Floyd (1977). Sample C without the sufficient Nb value was omitted. (b) Ti—Nb—
Y discrimination diagram, after Pearce and Cann (1973). (¢) Ti—V discrimination diagram, after Shervais (1982). (d) Th/Yb-Nb/Yb
discrimination diagram, after Pearce (2008). Sample C without the sufficient Nb value was omitted. The oceanic arc and continental
arc fields, which include basalt compositions from various modern and ancient oceanic and continental arc settings, are from Pearce

and Peate (1995).
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Fig. 4

Spider-diagrams showing trace-element patterns of the basalt in southwestern margin of the North Kitakami Belt. (a) Spider-diagram

showing N-MORB-normalized trace-element patterns. (b) Spider-diagram showing chondrite-normalized rare-earth-element patterns.
Standard N-MORB and chondrite values for the normalization are from Sun and McDonough (1989). Patterns of the typical oceanic
island basalt, E-MORB and N-MORB are also after Sun and McDonough (1989).
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UCHINO Takayuki and SUZUKI Noritoshi (2021) Mesozoic radiolarian fossils from mudstone within
the accretionary complex in the southwestern margin of the North Kitakami Belt, eastern Morioka, Iwate
Prefecture, Northeast Japan. Bulletin of the Geological Survey of Japan, vol. 72 (2), p. 119-127, 4 figs.

Abstract: The Kitakami Massif in the Tohoku region, Northeast Japan, is composed largely of the South
Kitakami Belt to the south and the North Kitakami Belt to the north. The North Kitakami Belt consists
mainly of a Jurassic accretionary complex, but few fossils have been reported from the southwestern
margin of the belt. In this study, radiolarian fossils were newly obtained from mudstone in the Sotoyama
district in eastern Morioka. This mudstone occurs near the location of sandstone that appears to be the
Early Jurassic according to U-Pb dating of detrital zircon. It is nearly impossible to specify its taxonomic
name definitively due to the poorly-preserved radiolarians, but their assemblage certainly indicates the
Mesozoic. Furthermore, circumstantial evidence of the common families and species inferred from shape
suggests the possibility of the late Early-Middle Jurassic; the assemblage supports the Early Jurassic
zircon age previously obtained from the neighboring sandstone.

The radiolarian assemblage from the Sotoyama district is also younger than the Triassic radiolarians, in
a similar state of preservation to the Sotoyama district, from the argillaceous rock of the North Kitakami
Belt in the Hayachinesan district. This fact supports the existing idea that the accretionary complex in the
Sotoyama district belongs to a different tectonostratigraphic unit from that in the Hayachinesan district.

Keywords: Jurassic, accretionary complex, radiolarian, North Kitakami Belt, Morioka, Kitakami Massif
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Fig. 2 Route map around the fossil location along the Yonai River, Morioka. Contour lines were referred from the digital
elevation model data (10 m mesh) published by the Geospatial Information Authority of Japan.
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Fig. 3 Scanning electron microscope images of the radiolarian fossils from the mudstone

in the southwestern zone in the North Kitakami Belt.

1-6: Eucyrtidiellidae, 7-58: Williriedelloidea?, 59: spherical nassellarians.
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Fig. 4 Scanning electron microscope images of the radiolarian fossils from the mudstone in the southwestern zone in the North
Kitakami Belt.

60—67: Archacodictyomitroidea, 68—74: Amphipyndaciodea, 75—81: multisegmented nassellarians, 82—85: Pylonioidea.
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KUDO Takashi and UCHINO Takayuki (2021) The Towada-Ofudo Tephra found along the Oishi River,
Yabukawa, Morioka City, Iwate Prefecture. Bulletin of the Geological Survey of Japan, vol. 72 (2), p. 129-138,
5 figs, 1 table.

Abstract: Four tephra layers, Os-4, Os-3, Os-2 and Os-1 in ascending stratigraphic order, were found in
the Quaternary valley floor deposits distributed along the Oishi River, Yabukawa, Morioka City, Iwate
Prefecture. Correlation of tephra layers was carried out on the basis of stratigraphy, sedimentary facies,
constituent materials and major element chemical compositions of volcanic glasses. The Os-4 is estimated
to be derived from the Iwate or Akita-Komagatake volcanoes, but a detailed correlation is difficult at
present. The Os-3 is correlated to the Towada-Ofudo Tephra (36 ka) and corresponds to the co-ignimbrite
ash fall deposit of the Towada-Ofudo Pyroclastic Flow Deposits. The Os-2 is a reworked deposit of the
Towada-Ofudo Tephra. The Os-1 is probably correlated to the Towada-Hachinohe Tephra.

Keywords: tephra, stratigraphy, correlation, Towada-Ofudo Tephra, Towada-Hachinohe Tephra, co-
ignimbrite ash fall deposit, Iwate Prefecture
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Fig. 1

(a) Locality map of the study area. (b) Geological map around Morioka City, Iwate Prefecture. Only legends of geologic bodies

within the quadrangle Sotoyama District were shown. The map was referred from the Seamless Digital Geological Map of Japan
(1:200,000) V2 of the Geological Survey of Japan, AIST (2019). AC: accretionary complex.
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BRICEDLDNS B3X). BEIZRK23 emT, fIFIC
—E LW EE4Xa). EBo i, —STERNE- %
DL, EBfF1 emPI T OE @K OIKEERA KILEEE 28 £
UMK EKILIKETH D, BRRTHEIKA TN (BE4[Xb).
KILKORERR T & LT, #ERA, fka, HiEDEA,
Yoy &SmO EANLEED. £72, ARV VRO
HAE~KGH 7 2R OCSEONEAR 260, OBAR
DORIFMOT 7 F I L TE.

3. RWHZZAEMRAMEFER

3.1 H#
FI73HOKILHT T 22D T, FRSCFHRK S
WET-72. ZZ TSN ~4DETOFRETHLX
n, —E LR TR ~BH AT RE & PEIR 2 /8§ 0s-3 &
SHR E U7z s S 1 & DRI L 72 GRBHR 5 ¢
19051402). Os3XBRAET 75 TH Y, KUH 52D
Fior o WIRIHERE B 7 7 7 LR X 5. Ak
Wi, AR, PRS- Fkl, R A LEFRO
T I IRAAT B EBHEN TS (I, 2000). %

OhTY, HEEARLGET 75 & LT, HHEXL
ARIRD +HFHAXAEH T 7 F (To-0Of) KU+HHEHNF 7 7
F (To-H) (HTH - HHF, 1992, 2003) BEFohb. 5
B DA 5 720s-21F, KILIKEEROR - O K A3 To-OfIZ
Mo CHEMLL T3 FEid ). 22T, BT
WAL, AR 22 5 TV B To-OflZ DWW T & Ik
R L L TN - 72, RBFEAHEDTo-0fl, kit
THERT T b 5 - HIH KA B AW e R CGRAEH 77 55
PO%CAF%E 7L — 7, 1969 ; Hayakawa, 1985 ; FEH - 4
i, 2004), Y A7 v A1 BP1 GRIGH T 55 DU ACHT
"N —F, 1969) & B\ ZUTHEE T ARHERH (Kirida
fallout deposits) (Hayakawa, 1985) t@&fﬂéﬁ%?ﬂﬁféﬁ
%@58#6&5.:hé@i%,ﬁﬁﬁ+ﬁﬁmﬁﬁ
fill 7 PR (AEAE40 5 3495 33.12 8D, HAR 14104557 1.48FD)
THEMT 5 HHERABARFRHER A & FRELL 72885
GRUBHES : No-4) xR & U7z, RIS AR
THERIMIL, To-OfD EH %MK T 2777 ThD, T
O FEIEIE T (1993) K U L (2005) T & itk frbh
(BHEOFE4 B3HNEEGED, H4 18KUFHIRK AR

— 131 —



20214 /72 W25

R R AR 7T A

o
- £ n3=
= 8BS ED
g T ©
T CcOo ©
z 5588
T o = =0=
=ENe)] = =—=0E
IS e c =993
m ) 5 s S T T2
—_ = > L £o
= 0 ©® O .W 2 € ) (O =N g
emsr.mmm > 90 0@®O0TcD
Sxs22 S _To L EGESDm
CEZEE>25 S ST S0525%
5850028088350 n0<00
nomn -4 20 EPEIEEH N
° ST RRRE R
o S E3eisiaad 0
P2>>1aaa44 44
P> 0
(o] o) SHEOE P S
0 Q 33349999954 N
— - 333395304 R
[ e s
nﬂ_u 1
0 O
ot
fonelb T 05600600600 600 600600600 600 000 000 000 000 000 001
o 1090020090000 090020000000020090000090090000 000
v:mmm 02 (0900900800%00900%00%00%00%00900900900900%00%0{
pnw= O 1020020020020020020020020020020020000020000 0004
£ RN E 0900900900900%00%00%0 090090090 090090090080 0%0§
i £0 o %o 3 1020000020020020020020000020020020000020 000000
n 50 5 090090090090 0%00%0 0% 0% 090 0% 090090090080 0%
: N 10000200200000200200200200000200000000000200004 .
E £q 30 80§ 0900%00%00%0 0% 0% 0%00% Q8 0% \TJ
&
J
V)
(gl
1onesb 020020020020020000020 000920020020 000 000 ¢ 000020090000020020020020020 900020020020 000090 890020020020 000000090000000020000900020000090( Mm
pues 0900%00900900%00%00%00%00%00%00%00900%00Y B2 090090 0900%00%00%00%00%00%00%00900%00%00%00%00%00%00%00900800%00%00%00%00%00%0 090080080 0%« A&
pnuw 1020020020020020000020020020020020000 000 ¢ b3 1020020020090000000000000820020800000000000000800090800000000000000890090000000000000000000¢
omoomoomoomoomoo"oomoomoomoomoomoomoo“oo- > o"aomoomoamoomoomoomoo“oomoomoomoomoomoomoomoo“oomoomoomoomoomoomoo“oo"oomoomoamoomoomoomoA E.”E
0200200200000200200200200200200200200200 2 1090020020020020020020020020020020020020020000020020020020020020000020090020 020020 020000000¢
3 omoomoomoomoomoo“oomaomaomoomoomoomoomoo- > o“oamaomoomoomoomoomoomoomaomaomoamoomoomoomoo“oomaamaomoomoomoomoomoo“oomaomoomoomoomoom? 45
1000000020000020000020020020 0200200200000 3 1090020090020020020020020020090020020020020000020090020020020020020020090020 020020090020 000( =
0900900%00%00%00®00900%00%00%0%00%00%00Y 4 0900900900900 0%00%00900%00%00%00%00%00%00%00%0 00 0®0 0900900900800 0®00%00%00%00%0 00 0% ( @
g
=
loneif =
ucmwm
pnw az
<
eea)
m
=
_®>m‘m 000200°00°00°00°00°00°00°00°00°00°00°00°00°00°00°00°00°00°00%0 90 9O} 0000002002000 0°00200°00°00°0020 000 90
ﬂﬁm T SO T i S SOOI T T H SRR T T H S
T I S T S S A A T I SR 1 R T S H S S
R S SN T T S SRS T B SR | R S H S SN
1000°00700200700°00200°00°00200200700-00200200°00°00200 00°00700°00 10./00°00700°00°00°00200200200700200 00
0900%00%00%00%90%00%00%00*00%00%00%00*00%00%0 09000080080 0%00*9 0% 08! 9009009009009 0%00%0 0900008008000 0

Yy v yvyY
S-4 |sakakaaad]

hown in Fig. 2.

ion is s

— 132 —

Fig. 3  Stratigraphic columnar sections. The locality of each sect



TR R 1 CHERE S M= HFHIAAE) 7 7 7 (L - INEY)

AR W 2 BIEGHE. () BRI 5N 50s-1 KUV0s-3. (b) Os-1 DEEEHH. (0) 0s-3DHEEEH,
Fig. 4 Outcrop photographs at the location 1. (a) The Os-1 and Os-3 at the uppermost part of the outcrop. (b) Close-up photo of
the Os-1. (¢) Close-up photo of the Os-3.
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1k Os-3 KUTHIHARARE A RRHERE O KL A 5 2 TR LR

Table I Major element chemical compositions of volcanic glasses from the Os-3 and Towada-Ofudo Pyroclastic Flow Deposits
Sample no. 19051402
Tephra name Os-3
Point no. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Raw data (wt.%)
SiO, 71.41 7148 7215 7235 72.09 6912 7176 71.81 7204 69.75 7474 7346 7183 7292 7144
TiO, 0.4 0.36 0.37 0.26 0.32 0.51 0.44 0.26 0.39 0.46 0.3 0.53 0.43 0.45 0.43
AlL,O4 11.74 1234 1177 1244 1183 1254 1202 1152 1273 128 12.06 1274 1299 1242 11.73
FeO 1.73 2.03 1.6 1.93 1.68 217 1.71 1.49 2 222 1.64 213 2.29 1.88 1.82
MnO 0.12 0.04 0.13 0.13 0.05 0.07 0.19 0.1 0.22 0.06 0.16 0.21 0.1 0.06 0.19
MgO 0.36 0.54 0.36 0.46 0.42 0.56 0.51 0.37 0.53 0.64 0.45 0.49 0.58 0.53 0.44
CaO 2.04 219 1.98 22 2.06 247 2.01 1.92 2.33 272 2 2.46 2.56 2.26 2.01
Na,O 3.93 3.92 3.91 3.97 3.84 3.89 3.95 3.82 3.96 3.89 4.05 4.15 4.01 4.02 3.86
KO 1.3 1.18 1.22 1.23 1.2 1.09 1.25 1.19 11 1.07 1.23 1.17 1.04 1.06 1.14
Total 93.03 94.08 9349 9497 9349 9242 9384 9248 953 9361 96.63 97.34 9583 956 93.06
Data normalized to 100 % (wt.%)
SiO, 76.76 7598 7717 7618 77.11 7479 7647 7765 7559 7451 7735 7547 7496 76.28 76.77
TiO, 0.43 0.38 0.40 0.27 0.34 0.55 0.47 0.28 0.41 0.49 0.31 0.54 0.45 0.47 0.46
AlL,O4 1262 1312 1259 13.10 1265 1357 1281 1246 1336 13.67 1248 13.09 1356 1299 1260
FeO 1.86 2.16 1.71 2.03 1.80 2.35 1.82 1.61 2.10 2.37 1.70 2.19 2.39 1.97 1.96
MnO 0.13 0.04 0.14 0.14 0.05 0.08 0.20 0.11 0.23 0.06 0.17 0.22 0.10 0.06 0.20
MgO 0.39 0.57 0.39 0.48 0.45 0.61 0.54 0.40 0.56 0.68 0.47 0.50 0.61 0.55 0.47
CaO 219 2.33 212 2.32 2.20 2.67 214 2.08 244 291 2.07 2.53 2.67 2.36 2.16
Na,O 4.22 417 4.18 4.18 4.1 4.21 4.21 4.13 4.16 4.16 4.19 4.26 4.18 4.21 4.15
KO 1.40 1.25 1.30 1.30 1.28 1.18 1.33 1.29 1.15 1.14 1.27 1.20 1.09 1.1 1.23
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Sample no. No-4
Tephra name Towada-Ofudo Pyroclastic Flow Deposits
Point no. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Raw data (wt.%)
SiO, 66.13 6291 7247 7117 7042 70.81 705 71.07 6991 7238 6828 703 70.76 67.18 76.45
TiO, 0.31 0.33 0.36 0.37 0.43 0.37 0.4 0.31 0.34 0.33 0.26 0.33 0.27 0.41 0.39
AlL,O4 1159 10.82 11.9 119 1245 1212 1222 1137 11.41 114 1118 1134 1176 1122 1222
FeO 1.9 1.74 1.59 1.71 2.1 1.92 1.75 1.64 1.52 1.6 1.66 1.43 1.57 1.74 1.69
MnO 0.04 0.14 0.05 0.13 0.01 0.07 0.02 0.1 0.06 0.1 0.12 0.02 0.04 0.16 0.01
MgO 0.53 0.49 0.42 0.5 0.57 0.58 0.49 0.34 0.32 0.4 0.35 0.41 0.38 0.42 0.32
CaO 2.38 1.94 1.96 222 2.55 2.36 2.26 1.91 1.95 1.84 2.03 1.84 1.95 2.03 2.01
Na,O 3.72 3.57 3.94 3.88 3.98 3.9 4.03 3.97 3.87 3.87 3.8 3.59 4.02 3.88 4.31
K,O 112 107 126 124 122 114 114 125 123 129 117 117 122 115 132
Total 8772 8301 9395 9312 9374 9327 9281 9196 9061 9321 8885 9043 9197 8819 9872
Data normalized to 100 % (wt.%)
SiO, 7539 7579 7714 7643 7512 7592 7596 7728 7715 7765 7685 77.74 7694 7618 7744
TiO, 035 040 038 040 046 040 043 034 038 035 029 036 029 046 040
Al,O4 13.21 13.03 1267 1278 1328 1299 1317 1236 1259 1223 1258 1254 1279 1272 1238
FeO 217 2.10 1.69 1.84 2.25 2.06 1.89 1.78 1.68 1.72 1.87 1.58 1.71 1.97 1.71
MnO 0.05 0.17 0.05 0.14 0.01 0.08 0.02 0.11 0.07 0.11 0.14 0.02 0.04 0.18 0.01
MgO 0.60 0.59 0.45 0.54 0.61 0.62 0.53 0.37 0.35 0.43 0.39 0.45 0.41 0.48 0.32
CaO 2.71 2.34 2.09 2.38 272 2.53 244 2.08 2.15 1.97 2.28 2.03 212 2.30 2.04
Na,O 4.24 4.30 4.19 417 4.25 4.18 4.34 4.32 4.27 4.15 4.28 3.97 4.37 4.40 4.37
KO 1.28 1.29 1.34 1.33 1.30 1.22 1.23 1.36 1.36 1.38 1.32 1.29 1.33 1.30 1.34
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

EHWTEREET Y. 0s-3 & FHIEKRARBIAFRHERY
i, KL 5 2 DSio, EH RAYT4.5 ~ 77.7 wt.%D Hi [
1ZHD, 120F L F > R E MK T 5. MEIE
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FITHHIE 5 22 FUTEERD S s (BB S X) .

4. 77703k
AU IE, WOTISALE S % 5 Tk, RS -

ki, AEVE IS E S BRI GB 1K) RO 5
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TliE, AHURTHER S 72T 7 F12OoWT, B, M,
MR ROk 7 2 DAL EHR O > 6, 77 5
DO E R~ S,

4.1 0Os-3
0s-31%, KILUH T 2 DSio, &HEA 745 ~ 77.7 wt.%
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7 F (To-H) BBHI 6 T B (LS, 2000). W7 7 71
JEWICBL P BEMAEALTH Y, KUK T ZADOTRY
LR CIEER PR S (58 - 4K, 2006 ;
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