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Investigation of the Paleo-Lake Kutchan (part 2): '“C dating, volcanic ash,
pollen and diatom analyses of the late Pleistocene Makkaribetsu Formation
in the Kutchan, Hokkaido, Japan
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Makkaribetsu Formation in the Kutchan.

50,000-scale topographic maps of
the Kutchan quadranges (Geospatial
Information Authority of Japan) are used.

N-927 shows ''C dating point by Omoto

- Hokkaido

(1971) and Stop 3-3 indicates outcrop site
of Nakagawa et al. (2016).
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Fig. 2 Topographic section and "*C dating

Section line is shown in Fig. 1, and "'C dating is in Table 1.
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Fig. 4 Outcrop G-2 of the late Pleistocene

sediments at the River Shiribetsu.

KC-2: "C dating sample, P20-1 to P20-
3: pollen analysis samples, D19-1 and

D19-2: diatom analysis samples.
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Alternating beds of
pumiceous sand
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Fig. 5 Outcrop G-3 of the late

Pleistocene sediments at the

Peat

River Ponkutosan, from which

Tuffaceous samples are corrected for

caywithgravel - 14 ¢ qating, pollen and diatom

analyses.
KC-3: "C dating sample, P20-
5: pollen analysis sample,
D20-1: diatom analysis

sample.

HOR Lo 1ES (R G-4)

Fig. 6 Outcrop G-4 of the late Pleistocene sediments at the northern foot of the Mt. Yotei, from which

samples are corrected for volcanic ash analysis.
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SEILL 72 KC-1 (5 2 I, #5555 178.3 m), il
DOFEH G-2 D SEILL 72 KC-2 (55 3™, 1 169 m),
Ry 7 MY VINEROBEE G-3 2 5L 72 KC-3 (54
4, HE208.9 m) T, WINLAKRAFTH S, MIERK
1 KC-1 22 45,750-45,000 cal BP (42,042+385 yr
BP), KC-2 I¥ 48,050-46,750 cal BP (44,175+472 yr
BP), KC-3 (% 44,500-43,750 cal BP (40,578+336 yr
BP) THh2 (BF1&K).
KILR SR

SITAEAEHE G-1 22 SR L 72 V-1 & V-2 (5 3 X)),
B G4SN L7V3 (6K Ths. V1IFR
2 ) 7, KA 2533.5 % (bw: 3.0 %, pm: 0.5 %)
T L, BN 44.0 %, BEIYIDY8.0 %, SR B

a.s.l.

e

5

R BT ARG O H LTS B

i (B9 G-5) & RHRIUA

D20-2 : Kk $4 BT P 3B 0 BRI

o C3 o | Pumiceous o

oooo| gavel .

o Lvo Fig. 7 Outcrop G-5 of the late

000 Tuflaceous clay Pleistocene sediments at the River

° é ° | pumiceous Jari, from which samples are

OOOZ)O: gravel corrected for diatom analysis.
DZ20-2: diatom analysis sample.

L OBULRIAY 44.5 % TH B, TONDEFYTIERIT
A Y 56.3 %, HARMHA A 25.0 %, APALY18.7 %
Thb., V21 3KKE kAT, KA 7 A28 50.5
% (bw: 25.0 %, pm: 25.5 %), EHEYAY19.0 %, =
H 3.5 %, A B L OEILEL 27.0 % TH S.
DNDEIYTIERITHA D 42.8 %, AKAEDS
57.2 % TdH 5. V33 KLKE LA T, KILUAF
AD3T79 % (bw: 34.5 %, pm: 44.5 %), B8 5.5 %,
FREB X OBILRIAY 155 % Th 2 (52 %).

b (A5 by

SIHTIC W7 DX ER I G-2 2> & FRHL L 72 P20-1,
P20-2 8 X' P20-3 (554 X) &, 5%UH G-3 D P20-5 (58
5) OofHEH4ARETH %,

P20-1 Tl Picea (PP E@7 ALY =Y, TV
V) 74 %, Abies (£ I )@k F~=v) 2324 % %
i 8, P20-2 T 1% Picea 73 84 %, Abies 759 % T &
%, P20-3 T X Picea 7% 85 %, Abies 738 % TH 5.
P20-5 “C i Picea 75 57 %, Pinus (Hap.) (/~A4 <= 7))
125 % TH3, Larix (ho=V@E@I/A~<Y) 9% DH
BPREINS, 1 % THEHDD Quercus(2F I @)

woois (03 EK).
EESH
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D19-2 (¥4 X), #HG-3 2 6 HALL 72 D20-1 (£
5X), #UWH G5 H 6L 7ZD20-2 (557K), B

-
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Table 1 Radiometric carbon dating.
Outcrop Sample Above sea . radio carbon age (cal BP) (cal BP)
name name level (m) Materials (y BP) lo range 20 range
G-3 KC-3 208.9 Wood 40,578+ 336 44,500 - 43,750 44,850 - 43,350
G-2 KC-2 169 Wood 44 1751 472 48,050 - 46,750 48,650 - 46,250
G-1 KC-1 178.3 Wood 42,042+ 385 45,750 -45,000 46,150 - 44,650
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Table 2 Volcanic ash analysis
All mineral component (%) (Total count: 200)
Out S 1 . Volcanic glass . . . Rock fi t and
uterop ampie Materials & Light mineral | Heavy mineral ock tragment an
name name bw pm weathering particle
25.0 25.5 19.0 3.5 217.0
G-1 V-2 Ash .& Heavy mineral component (%)
pumice Orthopyroxene | Clinopyroxene Amphibole Iron mineral
42.8 0.0 57.2 0.0
All mineral component (%) (Total count: 200)
Out S 1 . Volcanic glass . . . Rock f t and
uterop AMPE | Materials & Light mineral | Heavy mineral 0¢ rag men a.n
name name bw pm weathering particle
3.0 0.5 44.0 8.0 44.5
G-1 V-1 Scoria | Heavy mineral component (%)
Orthopyroxene | Clinopyroxene Amphibole Iron mineral
56.3 25.0 18.7 0.0
All mineral component (%) (Total count: 200)
Outcro: Sample Volcanic glass Rock fragment and
P P | Materials & Light mineral | Heavy mineral s :
name name bw pm weathering particle
34.5 44.5 5.5 0.0 15.5
G-4 V-3 Ash .& Heavy mineral component (%)
pumice Orthopyroxene | Clinopyroxene Amphibole Iron mineral
0.0 0.0 0.0 0.0
B3R fbkoth—%
Table 3 Pollen fossils yielded from the late Pleistocene sediments.
)
< 3
= €3]
=) 2
g B % § O g o
) E ) 3 = 5| g
= =1 Q I = = = g g
o | F Zl |8 ~ | = 3 « SHEY I £ =
AERHEHE HNEIEIEEE 3 SIEEE 4l 2| 2
AR SREHEEHHAR R BEEHEENE
S| & |88|2g%|. AR E E E N R R BRI EHE HEERE
IR RS B R B s A e R I A R T R L el s = B o el e
22| ElS| S| 32 E|E RS2SR S| FE S 58 S|=E|Ez|5]5]|&F
IR NIN N BRI BRI NS RN R E R RIS
This report G-3 | P20-5 819|575 14 1 1121 2 100| E
A P14 | 14| 4]18]1 48| 7 3 1 1027 1|1 100 D
S P9 217 86 1 3(1 100
ey B | Gl P6 [1]2 14| [29 35] 2 2 4|15 1] 2] 2100
h c P4 2|6 48| 2 8l1]1]7 2|4 71210 100| C
P2 2 1|4 29|12 1|35[3|2 7 3|3 4 100
P20-3 1 318 85 1 1)1 100 B
This report G-2 | P20-2 1 9 84| 1 1|4 100
P20-1 24 74 2 100 A

Iééj

PTIRK DAL T2 v BEAA R (Tzm),
FHA RN (Imw), =% AHT#F 2E (Rsn) o & Gk
TH 5. DIO-1 TIEHNAA N SRR (T2 - 3
i, 2014) opplEE KA D Aulacoseira ambigua
(Grun.) Simonsen 2859 % & %6 L, &M KA
@ Fragilaria pinnata Ehr. 23 11 %, W~ "FiitEm) 45
FERERE (48, 1990) TN EMRKARED Achnanthes
lanseolata Breb. 78 10 % T & 5. DI19-2 © I3 A.
ambigua 7% 43 %, F. pinnata. 7% 11 %, A. lanceolata
D37 % TDI1 ERBRAFEIRMZ 89, D20-1 TIEA
HMERKERED Fragilaria arcus var. recta Cleve 3 15
%, A. lanceolata 789 %, f#&EMRKAERED Diatoma
mesodon (Ehr.) Kitz 288 % T & %. D20-2 T fif
5 R~ K A& @ Rhoparodia gibberula (Ehr.) O.

Order of plant name is by Yonekura (2012)

Mill. 23 17 %, JHIGRHAE AR (%%, 1990) @
Pinnularia viridis (Nitzsch.) Ehr. 2% 12 %, [ U < %
KA F8 D Pinnularia gibba Ehr. 28 11 %, &M%k
4 @ Cymbella silensiaca Bleisch 28 10 % T® %,
Izm TlE A. ambigua 7387 % L% FES %, Imw TlIf)
B KA AE D Gomphonema parvulm (Kiitz.) Grun.
223 %, fFFEVEW KA FH O Meridion circulare var.
constricta (Ralfs) Van Heurck 238 %, A. lanceolata
% Cymbella silensiaca, 7% /K EFE D Fragilaria
exigua Grun. D ZNZ N7 % TH 5, Rsn TlIHH
8 K 47 o Fragilaria construens var. venter (Ehr.)
Grun. 2881 % & %pEd 2 (55 4 4). Sorfash (Wi,
2018) 1Fw3ind 1.94 DUN CIRKEEE 2R T,
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Table 4 Diatom fossils yielded from the late Pleistocene sediments.

e

Outcrop name G-2 G-3 G-5 Fujiwara's sample
Name of species / Geologic sample | Ecol. | D19-1 D19-2{ D20-1 D20-2{ Izm Imw Rsn
Achnanthes lanceolata Bréb. F 10 7 9 2 1 7
Amphora libyca Ehr. F 1 1 2
Aulacoseira ambigua (Grun.) Simonsen F 59 43 2 87 2
A. granulata (Ehr.) Simonsen F 2
Cocconeis placentula var. euglypta (Ehr.) Cleve F 1 5 3
Cyclotella comta (Ehr.) Kiitz. F 3
C. stelligera Cleve & Grun. F 5
Cymbella naviculiformis Auerswald F 1 2 2
C. silensiaca Bleisch F 1 3 4 10 7
C. tumida (Bréb.) Van Heurek F 1 2 1
C. turgida (Greg.) Cleve F 1
Diatoma hyemalis (Roth) Heiberg F 6 1
D. mesodon (Ehr.) Kiitz. F 1 8 1
Diploneis elliptica (Kiitz.) Grun. F 1 8
Epithemia adnata (Kiitz.) Bréb. F 1 1 5
E. sorex Kiitz. F 2
Eunotia bilunaris (Ehr.) Mills F 1 3 5
E. gracialis Meister F 3 5 3
Fragilaria arcus var. recta Cleve F 4 15
F. bicapitata Mayer F 1
F. brevistriata Grun. F 2 1
F. capucina var. vaucheriae Kiitz. F 2 2 6 1
F. construens (Ehr.) Grun. F 1 2
F. construens var. venter (Ehr.) Grun. F 1 4 5 81
F. exigua Grun. F 2 7
F. leptostauron (Ehr.) Hust. F 1
F. pinnata Ehr. F 11 11 2 3 1
Frustulia vulgaris Thwaites F 1 3
Gomphonema angustatum (Kitz.) Rabh. F 1
G. minuta (Agardh) Agardh F 1
G. parvulum (Kiitz.) Grun. F 4 1 23
G. truncatum Ehr. F 1
Hanzschia amphioxys (Ehr.) W. Smith B-F 1 2
Meridion circulare (Graville) Agardh F 1 3
M. circulare var. constricta (Ralfs) Van Heurck F 1 1 2 8
Navicula contenta Grun. F 1
N. cryptocephala Kiitz. F 1
N. erdrigiana Carter B 1
N. elginensis (Greg.) Ralfs F 3
N, halophila (Grun.) Cleve F 2
N. lanceolata (C. Ag.) Cleve B-F 1
N. meniscula Schumann F 1 1
N. minima Grun. F 1
N. oppugnata Hust. F 1
N. pupula Kitz. F 1 5
N. stroemii Hust. F 9
N. ventralis Krasske F 2
Neidium ampliatum (Ehr.) Krammer F 1 1
Nitzschia amphibia Grun. F 1
N. linealis W. Smith F 1
N. palea (Kiitz.) W. Smith F 1 1
Pinnularia borealis Ehr. F 1 3 1 1
F 1 11 4
P. ignobilis (Krasske) Cleve-Euler F 6
P. nodosa (Ehr.) W. Smith F 5
P. pulchra @strup F 1
P. subcapitata (Ehr.) Greg. F 3 4
P. viridis (Nitzsch.) Ehr. F 1 12 5
Reimeria sinuata (Greg.) Koc. et Stoerm F 1 1 1
Rhopalodia gibba (Ehr.) O. Miill. F 1
R. gibberula (Ehr.) O. Mill. B-F 1 17
Stauroneis lapidicola Petersen F 1
S. smithii Grun. F 1
Surirella angusta Kiitz. F 1
S. robusta Ehr. F 1
Synedra ulna (Nitzsch) Ehr. F 2 3 2 3 6
Tabellaria fenestrata (Lyngb.) Kiitz. F 1
Total valves counted 100 100 100 100 100 100 100
(x5) M 0 0 0 0 0 0 0
(x4) M-B 0 0 0 0 0 0 0
(x3) B 0 0 0 1 0 0 0
(x2) B-F 0 0 2 18 0 2 0
(x1) F 100 100 98 81 100 98 100
Total 100 100 100 100 100 100 100
Index (mean value) 1.00 1.00 1.02 1.20 1.00 1.02 1.00
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yielded primarily from the G-3 and G-5 outcrops.

To investigate the Paleo-Lake Kutchan, which was situated in the Kutchan area during the late Pleistocene,
analyses of geologic samples were carried out using radiocarbon dating, volcanic ash, pollen and diatom
analyses. The samples originate from the late Pleistocene sediments that outcrop in the Kutchan area.

Radiocarbon dating indicates 48,050-46,750 cal BP in the G-2 geologic outcrop, 45,750-45,000 cal BP in
the G-1 and 44,500-43,750 cal BP in the G-3. Volcanic ash analysis shows that the sample from the G-4
geologic outcrop is a redeposit of the Shikotsu Pumice Flow deposits. The results of pollen analysis in the
G-2 and G-3 geologic outcrops reveal 5 pollen zones, A to E, and estimate that the area experienced lower
temperatures and drier air when compared with the present day. Diatom analysis indicates considerable

planktonic freshwater species yielded from the G-2 geologic outcrop and epiphytic freshwater species

The authors believe that the lake was born before ca 48 ka, the oldest dating in this paper, and the debris
avalanche of the Yotei in ca 38 ka did not cause the lake’s genesis. To fully understand this late Pleistocene

lake’s beginning, additional data regarding other geologic phenomena is required.
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