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Abstract: U-Pb dating of detrital zircons were analyzed from a calcareous sandstone of the Lower
Cretaceous Takaoka Formation, distributed in the eastern margin of the Kanto Mountains. The youngest
single grain age and the youngest cluster age were estimated to be 109.7 £ 0.8 Ma and 110.0 £ 1.0
Ma, respectively. Both ages represent the early Albian, suggesting that the Takaoka Formation deposited
after the early Albian. In addition, the calcareous sandstone of the Takaoka Formation is characterized by
abundant content of Permian to Triassic zircons (276-240 Ma). Based on detrital zircon U-Pb age and
sandstone lithology, the Permian to Triassic granitic rocks and the Chichibu accretionary complex were
widely distributed in provenance of the Takaoka Formation. The Takaoka Formation corresponds to the
Sanyama Formation in the Sanchu Cretaceous System. However, both formations present different peak
spectra of detrital zircon U-Pb ages, and are characterized by different provenances.

Keywords: detrital zircon, U-Pb dating, calcareous sandstone, Takaoka Formation, Cretaceous, Kanto
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Fig. 1 Location of distribution of the Cretaceous System in the
Kanto Mountains.

Grey areas present distribution area of the Jurassic
to Paleogene accretionary complex and the high-P/T
Sanbagawa metamorphic complex.
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Fig. 3 Photomicrograph of calcareous sandstone from the Takaoka Formation.
(a) Crossed polarized light. (b) Plane polarized light. Ba: Rock fragment of basalt, Bio: Bioclast of calcareous algae, Cal: Calcite,
Ch: Rock fragment of chert, Pl: Plagioclase, Qtz: Quartz. Length of scale bar is 1 mm.
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H13  LA-ICPMSIC & 2 U-PoERDRIE 4.
Table 1  Operating condition of U-Pb dating by LA-ICPMS.

Parameters Value/Description

Laser ablation

Model Analyte Excite (Photon Machines)
Laser type Excimer laser

Pulse duration <4ns

Wave length 193 nm

Laser power 39%

Energy density 3 J/em?

Spot size 20 um

Repetition rate 4 Hz

Duration of laser ablation 20 s

Flow rate of carrier gas (He) 0.80 L min”~"

ICP-MS

Model Nu Plasma II (Nu Instruments)
ICPMS type Multi-collector

Forward power 1300 W

Flow rate of carrier gas (Ar) 0.98 L min~!

ThO'/Th (oxide ratio) <1%
Data acquisition protocol
Data acquisition

Monitor isotopes

Standards
Primary standard

Secondary standard

Time-resolved analysis
~30 s (~15 s gas blank, ~15 s ablation)
W2y 2W4py, Wopy, W7py, WSpy, 22y 238y

Nancy 91500 (610.0 = 0.9 Ma, Wiedenbeck et al ., 1995)
Plesovice (337.1 + 0.4 Ma, Slama et al ., 2008)

OD-3 (33.0+ 0.1 Ma, Iwano et al ., 2012, 2013)
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24 LA-ICPMSIZ & 2 FKEMAEICIT % 20 a2 Y RiF OU-PbRIKT — 2.
Table 2 U-Pb isotope data for zircon crystals of calcareous sandstone determined by LA-ICPMS.

No. Isotopic ratios Th/U Age (Ma) Remarks

2()7Pb/206Pb 26 206Pb/ZBXU 26 2()7Pb/235U 26 2()6Pb/238U 26 2()7Pb/235U 26
1 0.0510 =+ 0.0007 0.0418 =+ 0.0004 0.2942 =+ 0.0044 0.85 264.1 +2.7 2619 + 4.4
2 0.0539 =+ 0.0007 0.0621 =+ 0.0006 0.4615 + 0.0066 0.78 388.3 £4.0 3853 + 6.7
3 0.0505 £ 0.0007 0.0416 =+ 0.0004 0.2899 + 0.0048 0.47 262.7 £2.7 258.5 + 4.9
4 0.0509 =+ 0.0008 0.0430 =+ 0.0004 0.3016 =+ 0.0057 0.64 271.2 £2.8 267.6 + 5.8
5 0.0508 =+ 0.0013 0.0399 =+ 0.0008 0.2792 =+ 0.0046 0.60 252.0 £53 250.0 + 4.7
6 0.0509 + 0.0013 0.0396 =+ 0.0008 0.2780 + 0.0043 0.63 250.5 £5.2 249.1 + 4.4
7 0.0523 £ 0.0013 0.0413 =+ 0.0008 0.2979 =+ 0.0042 0.49 261.0 £5.5 264.7 + 4.2
8 0.0513 £ 0.0013 0.0403 =+ 0.0008 0.2856 =+ 0.0039 0.64 2549 +53 255.1 £ 4.0
9 0.0508 £ 0.0013 0.0273 + 0.0006 0.1915 + 0.0030 0.59 173.8 £ 3.6 177.9 + 3.0
10 0.0508 =+ 0.0013 0.0410 =+ 0.0008 0.2874 =+ 0.0046 0.35 259.2 £5.4 256.5 + 4.7
11 0.0538 +0.0014 0.0603 =+ 0.0012 0.4476 + 0.0068 0.50 377.6 + 8.0 375.6 £ 6.9
12 0.0516 + 0.0013 0.0397 =+ 0.0008 0.2822 =+ 0.0040 0.44 2509 +5.2 252.4 + 4.0
13 0.0514 +0.0013 0.0404 =+ 0.0008 0.2863 =+ 0.0044 0.69 2554 +£53 2557 + 4.5
14 0.0512 £ 0.0013 0.0391 =+ 0.0008 0.2762 =+ 0.0039 0.50 2472 +£52 247.6 £ 4.0
15 0.0489 +0.0013 0.0272 =+ 0.0006 0.1837 + 0.0029 0.33 173.0 + 3.6 1712 £ 2.9
16 0.0512 =+ 0.0013 0.0388 = 0.0008 0.2738 =+ 0.0039 0.26 2454 +5.1 2457 + 4.0
17 0.0510 =+ 0.0013 0.0399 =+ 0.0008 0.2806 =+ 0.0040 0.42 2523 £5.3 251.1 £ 4.0
18 0.0501 +0.0013 0.0425 =+ 0.0009 0.2936 + 0.0045 0.27 268.2 + 5.6 261.4 + 4.6
19 0.0515 £ 0.0013 0.0393 =+ 0.0008 0.2792 =+ 0.0040 0.29 248.6 + 5.2 250.0 + 4.1
20 0.0551 £ 0.0014 0.0531 £ 0.0011 0.4035 =+ 0.0055 0.64 333.7 £7.0 3442 + 5.6
21 0.0509 + 0.0013 0.0415 =+ 0.0009 0.2910 =+ 0.0046 0.40 262.1 £5.5 2594 + 4.7
22 0.0514 +0.0013 0.0401 =+ 0.0008 0.2839 =+ 0.0041 0.37 2532 £53 2537 + 4.2
23 0.0541 =+ 0.0004 0.0558 £ 0.0011 0.4161 + 0.0086 0.29 349.7 £ 7.0 353.2 + 8.7
24 0.0498 =+ 0.0005 0.0327 =+ 0.0006 0.2249 =+ 0.0050 0.97 207.6 + 4.1 205.9 + 5.0

25 0.0481 =+ 0.0005 0.0176 =+ 0.0003 0.1164 =+ 0.0025 0.86 1123 £2.2 111.8 +2.5 YC
26 0.0515 =+ 0.0004 0.0402 =+ 0.0008 0.2851 =+ 0.0058 0.80 253.8 £5.1 2547 £ 59
27 0.0515 £ 0.0005 0.0404 =+ 0.0008 0.2869 =+ 0.0062 0.76 2552 +5.1 256.1 £ 6.3
28 0.0518 =+ 0.0004 0.0422 =+ 0.0008 0.3017 + 0.0061 0.76 266.7 +£5.3 267.7 + 6.2

29 0.1220 =+ 0.0009 0.2779 =+ 0.0054 4.6762 + 0.0927 0.20 1580.8 + 34.9 1763.0 + 90.1 Disc
30 0.0516 + 0.0004 0.0384 + 0.0007 0.2733 + 0.0055 0.35 242.7 + 4.8 2453 + 5.6
31 0.0512 =+ 0.0005 0.0400 =+ 0.0008 0.2825 =+ 0.0059 0.77 252.8 £5.0 2527 + 6.0
32 0.0531 =+ 0.0007 0.0404 =+ 0.0008 0.2961 =+ 0.0072 0.50 2553 £5.1 2634 £ 7.3
33 0.0507 £ 0.0004 0.0307 £ 0.0006 0.2147 + 0.0044 0.61 195.1 £3.9 197.5 £ 4.5
34 0.0506 =+ 0.0005 0.0311 =+ 0.0006 0.2172 =+ 0.0045 0.33 197.6 + 3.9 199.6 + 4.6
35 0.0512 =+ 0.0004 0.0398 =+ 0.0008 0.2812 + 0.0058 0.77 251.7 £5.0 2516 £ 59
36 0.0514 £ 0.0004 0.0400 + 0.0008 0.2835 + 0.0058 0.93 2527 £5.0 2534 +£ 5.9
37 0.0514 =+ 0.0004 0.0395 =+ 0.0008 0.2802 =+ 0.0056 0.34 2499 + 5.0 250.8 + 5.7
38 0.0508 =+ 0.0005 0.0412 =+ 0.0008 0.2888 =+ 0.0064 0.66 260.3 +£5.2 257.6 £ 6.5
39 0.0521 £ 0.0004 0.0401 =+ 0.0008 0.2879 + 0.0058 0.43 253.5 £ 5.1 256.9 £ 5.9
40 0.0517 =+ 0.0005 0.0396 =+ 0.0008 0.2825 =+ 0.0061 0.43 250.4 +5.0 2527 + 6.1
41 0.0501 + 0.0004 0.0275 =+ 0.0005 0.1898 =+ 0.0038 0.24 174.6 +3.5 176.4 + 3.9
42 0.0517 £ 0.0003 0.0396 + 0.0003 0.2826 =+ 0.0021 0.44 2504 + 1.7 2527 + 2.1
43 0.0515 =+ 0.0004 0.0399 =+ 0.0003 0.2833 =+ 0.0027 0.55 252.0 1.8 2533 + 2.7
44 0.0513 =+ 0.0003 0.0396 =+ 0.0003 0.2804 =+ 0.0024 0.46 250.4 £ 1.8 251.0 £ 2.4
45 0.0519 £ 0.0003 0.0403 + 0.0003 0.2883 + 0.0024 0.55 2547 £ 1.8 2573 £ 24
46 0.0513 =+ 0.0003 0.0384 =+ 0.0003 0.2718 =+ 0.0020 0.19 242.8 + 1.7 244.1 + 2.1
47 0.0517 £ 0.0003 0.0412 =+ 0.0003 0.2938 =+ 0.0024 0.52 260.2 + 1.8 261.5 + 2.4
48 0.0520 =+ 0.0003 0.0397 £ 0.0003 0.2848 =+ 0.0022 0.67 2509 + 1.7 2545 £ 23
49 0.0516 =+ 0.0003 0.0403 =+ 0.0003 0.2871 =+ 0.0024 0.50 255.0 = 1.8 256.3 + 2.4
50 0.0513 =+ 0.0003 0.0401 =+ 0.0003 0.2839 =+ 0.0025 0.51 253.7 £ 1.8 253.8 £ 2.5
51 0.0514 =+ 0.0005 0.0404 =+ 0.0003 0.2863 + 0.0036 0.52 2555 £ 1.8 255.7 + 3.7
52 0.0521 =+ 0.0003 0.0436 =+ 0.0003 0.3136 =+ 0.0027 0.46 2753 £ 1.9 277.0 + 2.7

53 0.0487 =+ 0.0005 0.0172 £ 0.0001 0.1153 +0.0014 0.77 109.7 £ 0.8 110.8 + 1.4 YC
54 0.0514 =+ 0.0002 0.0380 + 0.0003 0.2694 + 0.0018 0.35 240.5 + 1.7 2422 + 1.8
55 0.0501 =+ 0.0003 0.0299 =+ 0.0002 0.2065 =+ 0.0016 0.38 190.0 + 1.3 190.6 + 1.6
56 0.0487 =+ 0.0003 0.0197 £ 0.0001 0.1326 + 0.0011 1.64 126.0 £ 0.9 126.5 + 1.1
57 0.0508 =+ 0.0002 0.0331 + 0.0002 0.2316 + 0.0016 0.26 209.8 £ 1.5 2115 £ 1.6
58 0.0518 =+ 0.0002 0.0384 =+ 0.0003 0.2743 £ 0.0019 0.48 2429 + 1.7 246.1 = 1.9
59 0.0515 =+ 0.0003 0.0379 =+ 0.0003 0.2694 + 0.0020 0.38 239.8 £ 1.7 2422 + 2.0
60 0.0505 =+ 0.0002 0.0330 + 0.0002 0.2296 + 0.0016 1.11 209.0 + 1.4 209.9 + 1.6

YC indicates the data composed of youngest cluster. Disc shows the discordant data.
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Fig. 4 U-Pb age of detrital zircon estimated from calcareous sandstone of the Takaoka Formation.

(a) Concordia diagram of zircons ages. (b) Probability density plot and histogram of zircon age.
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Fig. 5 Ternary diagram showing detrital zircon age composition of Cretaceous sandstones in the Kanto Mountains.

Zircon ages were plotted on the ternary diagram, using three elements of the Jurassic—Cretaceous, the Permian—
Triassic and the Pre-Carboniferous. Data of the Atokura and Tochiya formations are based on Nakahata et al. (2015),
and data of the Shiroi, Ishido and Sanyama formations in the Sanchu graben (Sanchu Cretaceous system) are
from Nakahata et al. (2016). Locations of distribution of the Cretaceous system are referred in Fig. 1. Ta: Takaoka

Formation, Sh: Shiroi Formation, Is: Ishido Formation, Sa: Sanyama Formation, At: Atokura Formation, To:

Tochiya Formation.
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