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Early animal evolution and
the primitive Earth system of north Greenland
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SUMMARY

[ Title

O Early animal evolution and the primitive Earth system of north Greenland

Il. Purpose and Necessity of R&D
O Elucidating the evolutionary aspect of early animals of the Cambrian and the

primitive Earth system development, based on the geological data of Greenland

Ill.  Contents and Extent of R&D

O Elucidating the evolution of early animals on the basis of the samples obtained
from north Greenland

O Analysing the internal structure of early animals

O Morphological comparison with extant invertebrates and the early animal
fossils of other areas

O Elucidating the development of primitive Earth environment, which set the

stage for animal evolution

IV. R&D Results

O Expansion into new research areas in unexplored Arctic Greenland

O Advancement as a leading institute in the field of early animal evolution
O Inventing a novel technology of using EPMA for paleontology

O Acquiring knowhow of morphological comparision with extant animals

O Analysis of the Archaean rock (ca. 3.8 Ga)

V. Application Plans of R&D Results

O Establishing a research spot in an unexplored area of the Arctic

O Publishing NCS-level research results, based on the collected data
O Leading the frontier of paleontological research method using EPMA

O Public advertisement of polar research
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EIaAd= 7FH 2]olr] Conservation Lagerstatte ¥+ o1+

- 1984 HIO-AE Ao V)% AAXAME ety 2ddE JARAARS] S AAK
Higgins)9} 43(J. Soper)7} 9-¢13] o] X|Jol|A] dH5E3}24]-S 2 O1HA] Sirius Passetd}
AP AR A ERlaL, o] sHHES I AT A Be] 1987 Nature
of 34akA7} A& o2 27)¥ (Conway Morris et al. 1987)

- o] -, 1989, 1991, 19940 F=o] BAEIAER o] FoIX ARl AFo= o] A
A dEEARE skl oF 10,000 o 4ol 7k AES AHF

- o] w AojW MES wpge R 1990 ¥ 19931 e 29 2] =] Natureol Al#] (Conway
Morris and Peel 1990 ; Budd 1993)

- o] ¥, 20099 2011 diwk= AFAAF BHEe] FEE TAESE JFTAL FaEo]

q o

A
e}
2R 3] AEHe S8 BHSIAN, 1 F, 201597k F7F FAFARS o] Fo1A]

o

H}EF S 2 University of Bristol %= 2014

Ao g Fagk A1A42F Jakob Vinther+=

{'le;;ll?'_ - . :?.:‘ .. J b

% 1. EO-E Sirius Passetoll A A& YA 8 A 55 Tamisiocaris®] filter-feeding 3+

(from Vinther et al. 2014 Nature)
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2 2) (Peel, 2017).

= hypostome

- [
# ¥t
K

= b hypestone

a9 2. HOATE Sirius Passetol Al 2FEE FHEEol7] H2|5E Molaria steini (from Peel,

2017)

7Z+B g]o}7] Conservation Lagerstitte2 WO 2 sl 5% 7| W3} A+

- JA A= QoA TP TR 5 AT Fok= Conservation Lagerstitte S vHg
o= sk FEP o] F& x7] xlgtoln, 1990 o]%, 7NUrte] Burgess Shaled} &=
©] Chengjiangell gk EA 431 A7t =39 7] AlFbebAA A4 o B2 gAkse] o] &
°Fs dATehal Sl

- Ak 3001 @ zke] A= Aubtte] Burgess Shale¥t F=12] Chengjiangel M= 242} oF
2009 Fe] 27] & Aol BHHUSF

- 15 27 wE st oA Fagk v ATt Aase] NSCw Aol A=A,
Burgess Shales}S- nlg o 2= X|7714] 143H 2] +=1-°], Chengjiang biotas H}IE o2+
A G7k A 2231 9] =o] NSCi Aol AlA=2S5 (e.g. Ma et al. 2012; Tanaka et al.
2013; Cong et al. 2014; Daley et al. 2009; Smith and Ortega-Hernandez 2014)

- 2017\d%:= Burgess Shale?] 3} njgro =z FFHElolr|o] z7] dFHEE W3E o
=¥ (Moysiuk et al. 2017), Z#]'5% W madibulata 152 3}E thE =& (Aria &

Caron 2017)°] Natureol] AlA(ZZH 3)
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=
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a3 3. Ayt A=A Y (Burgess Shale)oll A At=% 57] THEolr] HA5E Tokummia
katalepsis (Aria & Caron 2017).

- 7P FAell= T sl Fate) REYHE wol= AR FEeoby] Akl
Qingjiang SHAAHA7}F WA E o] 275 $18ke] A= HlolHE Algste =wol Science
of AlAE (21 4)

- o] =& AREL Y 352 EPMA A4S A8 SAATEE WEdte] A2
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RESEARCH REPORT

Fig. & Mew soft-bodied taxa from the Qingjiang blota, (A) Medusod calimn, and pedal disc (Pd) (8} Ctenophore, showng that 0omip rows and

cridarian, showing radially symmetrical body plan, esurmbreliars oral-aboral body adis have & biradial symmetry resulting from sheathed
subiimbrellar surfaces (EUASu) manubrium (Ma) and tenlachkes {Ta) teritacies. (D) Sranchad alga. showing guadripartite thaliis, (E) Spongs
(B) Podypaid cradarian Shorming aral diss and mauth (Ma), tentacles, Leplomitels sp {F) Mew chardate [G) Ynnamaoo sp

1% 4 Science®] AAE MFA HAE T FHEoly] 27)EE A,

O Conservation Lagerstatte2] =474} 31293} 2o ojgk I+
- 5= Sirius Passet?] E 4372 Ineson & Peel(2011D)e 93l AIkE v} JAA|9E,
7]%& Burgess Shale?] EA3H74 3} fAlekAl @aka A e] Fet Ao Halde vlus
e BHAgH oz AFAE o, < Burgess Shale] dnFHQl E A3 Hdlof =
olo|7} A71¥ AL Q= A8l A Bk JAIS BARA ATt e

- Sirius Passet 3213l A4 o sk A 7|dlo] ¥= x|35}8+2] HBAlo] o]Fojzln} 9wt
(Le Boudec et al., 2014) 3}Astapgo]l gt ofn] Q= =ol= o] FoixA] Woks. E7F
o< PAEAS S Siius  Passet 3H49] W B 5 woll tigk F=st #Fol e o
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T7} o] FoH AWK Strang et al., 2016a, b), XA vhekst 31493 S dstal, 3}
%S

Ao m JEks 71 A5 Foll Uig iyt S =t 2483 Ao=w 3

- Aol Al 7 eE sk (379 H, 2EZrlEZo|E)o] IUUE FAN o]Fo} 4
FAZ R A s o] 27] Ao AHEAY B A FA = Aste] ek HEE Al
(Nutman et al., 2016)

- 71919 Lekubo] E(graphite) 7} o]grol AR ARl A s o] HA 379 d A nb
toll A A 7] A gk =% F4] (Ohtomo et al., 2014)

- olgrob AFA LTS s AT ey Zetol Bl tidt A|gtekH ATE Fel A
YEsd Z2 Bx el of 409 d AHEH SeS AEkslelon, 27] #7494 A
#Ho] 9185 A<k (Friend & Nutman, 2011). o]2|3d+ Axl= ux Aol 3}
Azte] BEggol oja) ATe] 71 AE tFA|zte] WAHATE welHE 23
(Nagel et al., 2012)
- o]0l A2 ol E3HE

(EBSD) 4= & =71 Alde] WE W = A9 @4 e Arrt Had

>
fol

o -
| A Z}e] ZH%Méol OM Aoz da7 (Nutman et al., 2013). ©]2]3F A4+ &AM %7}
drabalel vHlaso] 27] AT A7y & Olﬁﬁé—}tcﬂ o FQ

2.2. =

O Seedd A8y#| “Eadzd=o] ZrBuglolr| AS
TFE (AT AR v &) o] 2015.10-2016.09-5 <

A7) AFAS E35)] 20163 ekl Hx2 BEagdso] FARALE Fdslal, ol E3)
I

AAA o7 £33 B o}7] Conservation Lagerstitte$! Sirius Passetoll A 233}
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3.1. 27) FAFEE B4 el 24 Q A5 7

Al
ax

)

x7] Qo 3} F

i

3.1.1. YA AR FE 3442 )

O 2011, 2016, 2017 *]<=°l Sirius Passetoll Al 2|F 3 WZS vlgom AA] AX &

Kerygmachela®] e 95 2 =& A=

10 mm
———

2173 1. Kerygmachela kierkegaardi from the Buen Formation (Cambrian Stage 3), Sirius

Passet, North Greenland. a -e, SP-2011-577a. b is an interpretive drawing of a. ¢ and d

are magnified images of the head region of a. ¢, under high-angle polarized lighting. d,
under low-angle lighting. e, interpretive drawing of ¢ and d. f, SP-2011-577b, the

_17_



counterpart of SP-2011-577a; a Wavelength Dispersive X-ray elemental map of carbon of
the head region. Carbon-rich region (red), superimposed upon the topographic map (blue),
representing the frontal appendage nervous tracts and the anterior neural projections. al,
anterior lobe; el, eye lobe; fpo, outermost frontal process; inn, non-neural impression; mo,
mouth opening; nap, anterior neural projection; nfa, frontal appendage nervous tract; npc,
protocerebrum; nop, optic neuron; okl, overprint of Kleptothule arthropod specimen; phr,

pharynx; rs, rostral spine; ts, tail spine.

1% 2. Details of head structure in Kerygmachela kierkegaardi. a -d, SP-2016-789.

a, under high-angle polarized lighting. b, under low-angle lighting. c, Wavelength
Dispersive X-ray elemental map of carbon of the head region. d, interpretive drawing of a
and b. e -g, SP-2016-33. e, under high-angle polarized lighting. f, under low-angle
lighting. g, Wavelength Dispersive X-ray elemental map of carbon of the head region. h,
interpretive drawing of e and f. eyd, displaced eye structure; eyo, original outline of eye
lobe; inn, non-neural impression; nap, anterior neural projection; nc, nerve cord; nfa, frontal
appendage nervous tract; npc, protocerebrum; nop, optic nerve; phr, pharynx; rs, rostral

spine.

- AN AAFEC] Kerygmachelad] & AA7F 2 nEF 3149 e E2(2d 1, 3)

- HeEE AGAE BEE s o] FE 4] 3 EPMAE ©]83 WDX-rayw*(14H3, 4)

- 7P ko] 217 AIQ] H 7} protocerebrum SR o] Fo1X AS 1E(TLH 13)

- W gke] 5 Jje] 2 vkl protocerebrumell A 7147k 7 9wt o] thElell A -2k

AL 7t
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% 3. Kerygmachela kierkegaardi. SP-2016-203. a, under high-angle polarized lighting.

b, under high-angle polarized lighting with crossed nicols. ¢, under low-angle lighting. d,

interpretive drawing of a, and c. fpo, outermost frontal process.
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219 4. Kerygmachela kierkegaardi from the Buen Formation (Cambrian Stage 3),

Sirius Passet, North Greenland. a - e, SP-2011-577a. b is an interpretive drawing of a. ¢
and d are magnified images of the head region of a. c, under high-angle polarized lighting.
d, under low-angle lighting. e, interpretive drawing of ¢ and d. f, SP-2011-577b, the
counterpart of SP-2011-577a; a Wavelength Dispersive X-ray elemental map of carbon of
the head region. Carbon-rich region (red), superimposed upon the topographic map (blue),
representing the frontal appendage nervous tracts and the anterior neural projections. al,
anterior lobe; el, eye lobe; fpo, outermost frontal process; inn, non-neural impression; mo,
mouth opening; nap, anterior neural projection; nfa, frontal appendage nervous tract; npc,
protocerebrum; nop, optic neuron; okl, overprint of Kleptothule arthropod specimen; phr,

pharynx; rs, rostral spine; ts, tail spine.
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1% 5. Reconstruction of Kerygmachela kierkegaardi. a, dorsal reconstruction of the

head region with the central nervous system (orange), anterior neural projection (yellow),
and muscular pharynx (blue). b, artistic reconstruction of K. kierkegaardi. el, eye lobe; mo
mouth opening; nap, anterior neural projection; nb, branching of nerve; nc, nerve cord; nfa

frontal appendage nervous tract; npc, protocerebrum; nop, optic nerve; phr, pharynx

Artwork by Rebecca Gelernter
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1% 6. A panarthropod phylogenetic tree with diagrammatic summary of central

nervous system (CNS) and evolution of visual structures within Panarthropoda. a, a

diagrammatic representation of the CNS in panarthropod lineages, with the inferred CNS

condition in the last common ancestor (LCA) of panarthropods. Although it is not

unequivocal, the lack of segmental ganglia in the trunk of onychophorans and the

stem-group euarthropod Lyrarapax suggests that segmental ganglia were absent in the

LCA of panarthropods. b, Visual structures of different panarthropod lineages.
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f ;

1% 7. Wavelength Dispersive X-ray elemental map of Kerygmachela kierkegaardi
and detailed features of tardigrades. a, Wavelength Dispersive X-ray elemental map of
carbon of the head region of SP-2016-789, showing the anteriorly-rounded central brain
neuropil. Carbon-rich region (red) is superimposed upon the topographic map (blue). b,
Confocal laser scanning microscopic image of the central nervous system of the
eutardigrade Hypsibius dujardini which was labeled for acetylated a-tubulin. Image
courtesy of V. Gross. ¢, Bucco-pharyngeal apparatus of the eutardigrade Milnesium
berladnicorums?.ImagecourtesyofD.A.Ciobanu.d, Differential Interference Contrast (DIC)
image of the bucco-pharyngeal apparatus of the eutardigrade Dactylobiotus sp. e, SEM
image of the mouth part of Dactylobitus sp. Peribuccal lamellae (asterisk) and peribuccal
lamellae (arrow). f, Schematic figure of nervous system and buccopharyngeal apparatus of
the eutardigrades Macrobiotus cf. harmsworth. g, schematic figure of nervous system and
buccopharyngeal apparatus of the heterotardigrade Actinarctus doryphorus .cbn, central
brain neuropil; phr, pharynx; sfc, stylet furca; stl, stylet; stc, stylet coat.

- INAAFE W] A AL] BeFo] dA SR FE vfole] central neuropil I} FALSH
A (1" 15 a, b)

- 5ok mx|e] 22 4 A Y Kerygmachela®] rostral spine(13 9e, rs)o] SR &

o TR stylets? AR @EjeF HIAE 7HA AL vk S PH(2E 15¢, d)

- o]& Tl 2kRF=9 styleto] W oF wir] o] thelol A Fefgk FRes 7= 7ol FA
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- A FERE S AEE 94 B AT FA AT 4] EPMAS &-8-3
WDX-ray”’]HS A-8(1¢ 16, 17)
- 7189 AFEANA AFEY e EDX-ray A RT AR 733 signalS BAE @ 4 7],

o9 213 elemental map image 50| 7Fs

1% 8. Kerygmachela kierkegaardi. SP-2016-33. a, under high-angle polarized lighting.

b, white-coated specimen. c, interpretive drawing of a and b. d - h, Wavelength Dispersive

X-ray elemental maps. d, carbon-rich region (red), superimposed upon the topographic map
(blue). e, calcium map. f, iron map. g, phosphate map. h, sulfur map.
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% 9. Kerygmachela kierkegaardi. SP-2016-131. a, under high-angle polarized lighting.
b, under low-angle lighting. c, interpretive drawing of a and b. d - h, Wavelength
Dispersive X-ray elemental maps. d, carbon-rich region (red), superimposed upon the

topographic map (blue). e, calcium map. f, iron map. g, phosphate map. h, sulfur map.

O FaddsoA A= 9A] HA]5E Kerygmachela®] ™e] 217 el 4
3}

- ¥H=% Nature Communications®l] A& (A14AF 2 FFual A=p) (Z19H9)
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COMMUNICATIONS

ARTICLE
" OPEN

Brain and eyes of Kerygmachela reveal
protocerebral ancestry of the panarthropod head

Tae=Yoon 5. Park’, K-Hoon Kihm'= Jusun Woo'!, Changhun Park @ | Won Young Leed, M Paul Smitha *
Diavid A.T. Harper 2, Flatcher Young® Ame T Nizlsen” & Jakob Vinthers &

Becund disconasries of Powsdl nervie e in Cambran Tostils Have sllowed resparchens (o
trave the ong i and wvalubion of the congiles arifwopod head and tvan bued on stisn grows
cloge bo U grgpn of (e clade, rather [han on estand, highly derned mernbes Hiere we show
that Kerygrmdchais frorm Sivies Passet. Norh Greenlind. § primilive siem-grodp saarthr opod
wshibits 8 diminuiiee (probotsrsbral) bran thal inreevales bolth the syes and Trontad
agpendsgad b e been surmesed. based on developmenlal svdencs that the sncsston of
verlelrated and sritunpods el 4 gartfes beah, which s relulsd by e fossil endence
preserted here Furibeimore bised on the discovery ol &yves Kepamocheln, we sugaest
that e comples compoond s i arthropodi svolved from ssmple ocelll, pressit # omy-

chophorars and trdigrades. ralbw than thirough the swonporatean of & it of modified linls

% 10. Park T.-Y. et al. (2018) Brain and eyes of Kerygmachela reveal protocerebral

ancestry of the panarthropod head. Nature Communications 9: 1019
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1% 12. Timorebestia}t 7] At&% = FFEEoly] AX|5ER] Isoxyse] HU=(F) 2

37l W 7o) WE WsE el E(s)

lo

Z1¥ 13. Timorebestia koprii gen. et sp. nov. from the Buen Formation (Cambrian Stage
3), Sirius Passet, North Greenland. a - ¢, SP-2017-37, holotype. a, under high-angle
lighting, submerged in water. b, Wavelength Dispersive X-ray Spectrometry (WDS)

elemental map of carbon. The lower right colour scale represents the intensity of carbon. c,

interpretive drawing of a and b. cfr, caudal fin-ray; ep, eye position; gms, groove-like
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muscular structures; gnd, gonad; gu, gut; Ifr, lateral fin-ray; Imu, longitudinal muscle; mo,

mouth; se, shoulder element; tb, tentacle base; tn, tentacle nerve.

58 mm

Z1¥ 14. Timorebestia koprii gen. et sp. nov. from the Buen Formation (Cambrian Stage
3), Sirius Passet, North Greenland. a, anatomical reconstruction of Timorebestia koprii.
b -c, SP-2017-00, paratype. b, under high-angle lighting, submerged in water. c,
interpretive drawing of b. an, anus; ep, eye position; gms, groove-like muscular structures;
gnd, gonad; gu, gut; gur, gut remains; jw, jaw; Imu, longitudinal muscle; mmvg,
mineralised muscular structure formed by ventral ganglion;

opn, optic nerve; t, tentacle; tb, tentacle base; tn, tentacle nerve; vg, ventral ganglion.
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191 15. results of Bayesian phylogenetic analysis of a morphological dataset focusing on
spiralians, tree is reduced to focus on chaetognaths and their sister group (Rotifera),

numbers at nodes are posterior probabilities and the scale bar is in units of expected

number of changes per character

|
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[ \_/I | L il kx___ .#’/-
s

Z1¥ 16. a-d, body contraction diagrams. a, body elongated. b, normal condition. ¢, head

retracted. d, body contracted.
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Al rem

1% 17. Paired ventral ganglions of Timorebestia koprii gen. et sp. nov. and confocal laser

scanning microscope images of extant chaetognath Sagitta sp. a - e, Images of T. koprii
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taken under high-angle lighting, submerged in water, which are overlaid by body outline
and reddish patches representing paired ventral ganglion. The pale reddish colour
represents carbonaceous film preservation of muscles, while the dark reddish colour
represents mineralized preservation of muscles. a, SP-2017-00. b, SP-2017-37. c,
SP-2016-1596. d, SP-2017-47. e, SP-2011-01. f - h, confocal laser scanning microscope
images of the extant chaetognath Sagitta sp. f, histochemical labeling of nuclei. g,

immunolocalization of a-tubulin. h, magnified view of the ventral nerve centre; nuclei

(blue) and a-tubulin (green).

1% 18. Elemental maps of SP-2017-37 and SP-2016-1596, acquired by Electron Probe
Micro-Analyzer (EPMA). a - e, Wavelength Dispersive X-ray Spectrometry (WDS)
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elemental map of SP-2017-37. a, carbon map. b, phosphate map. c, sulfur map. d, iron
map. e, titanium map. f-j, WDS (f-g, j) and Energey Dispersive X-ray Spectrometry
(EDS) (h-i) elemental maps of SP-2016-1596. f, carbon map. g, phosphate map. h, sulfur

map. i, iron map. j, titanium map.

219 19. Nektonic animals from the Buen Formation (Cambrian Stage 3), Sirius Passet,
North Greenland. a, PTM image of Kerygmachela kierkegaardi (Budd, 1993), MGUH
32048a. b, PTM image of Kleptothule rasmusseni (Budd, 1995), SP-2017-903. c, PTM
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image of Siriocaris trollae (Lagebro et al. 2009), SP-2017-839. d, PTM image of
Kiisortogia soperi (Stein, 2010), SP-2017-1601. e, Pauloterminus spinodorsalis (Taylor,
2002), under high-angle lighting, submerged in water, SP-2016-750. f, Isoxys volucris
(Williams et al. 1996), under high-angle lighting, submerged in water, SP-2016-546. g,
Tamisiocaris borealis (Daley & Peel, 2010), under high-angle lighting, submerged in water,
SP-2016-8. h, frontal appendages of an amplecobeluid radiodont, under high-angle lighting,
submerged in water, SP-2016-1170. i, Ooedigera peeli (Vinther et al. 2011), under
high-angle lighting, submerged in water, SP-2016-115. j, incomplete specimen of an

indeterminate chordate, under high-angle lighting, submerged in water, SP-2017-45.
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1% 24. Carbon elemental maps from WDX-ray analysis, showing a series of decay of the
nervous system in the head region of Kerygmachela kierkegaardi from North Greenland. a,
specimen with best-preserved brain. b, specimen in which the brain has undergone a slight
degree of decay. c, specimen in which the brain has undergone a moderate degree of
decay. d, specimen with almost no trace of brain.
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a9 25, YA F5E(deuterostome) Z =4 E = vetulicolian 3F4(A, C)2] WDX-ray
carbon map ©|"|#|(B, D).

- 7] AA5= Kisortogia®l antennae % 217do] HEH Al52] WDX-ray 4] k= (19
26 A, B)
- YAl HAFE AlF Aysheaia®] WDX-ray 4] 98 (1¥ 26C, D)

- SAAAVE BEYE 55 159 nectocaridid A1F Al 52 WDX-ray #-4] 9+5(1¥ 26E,

19 26. A-B, 7] EA]'5& Kiisortogia®} -1 WDX-ray carbon map ©]7]*#|. C-D,
AANAXEE AF Aysheaia?t WDX-ray carbon map ©]7]*]. E-F, 415 nectocaridid2}
WDX-ray carbon map ©]"|*#].
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10 mm
13 39. Three-dimensional reconstruction model of internal shell structures of Timaniella
harkeri (GSC26406). (1-6) Dorsal and anterior views of the whole shell interior through

posteriorly continuous rotation. (7-12) Dorsal and anterior views of shell interior without

spiralia through posteriorly continuous rotation.
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results of brachiopod shells, and quality of XMT images.
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1% 41. XMT result of Timaniella harkeri (GSC26406). (1-10) Serial slices in the coronal
plane (from posterior to anterior). (11-17) Serial slices in the transverse plane (from
ventral to dorsal). (18-22) Serial slices in the sagittal plane (from lateral to middle).

(23-25) Lateral, ventral and dorsal views of the reconstructed 3-D model (external shell).
(26) Ventral view of the 3-D model in transparent mode. All the slice images were

obtained under false-color lookup tables (Color 2 option in DataViewer). Abbreviations: ft,

teeth; sp, spiralia; sk, socket.
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Palaeontology.
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27 ¥y 71+4 EM uﬂow_u} HEE 1%:54

A T ———
S5 N
R i

e
Ly

% 46, A W FA AREB Wi
WA, B, SADTR ) S

3
- FA A A A SRFE FH A4S A FEldE Hie 5SS Sihus
Passet Aol Al 100714 o]de] AR s=S AH
- 20189 ofF FRAFAAE dRSES AP 8l B AR, ol7/AeRF Aol
Eﬂ OH H3}e] cryoconite hole A RS 5.
- Al5e] Zg-oll= el A o
- 01771 Al o)dde de] AxATIAl @ RS 2= A o] Wof 7hx]aL
- Cryoconite hole®] 79, ¢kR-5E Foli= W3k cryoconite holed| AT A A al= $k1.
TELE EA87) Wikl Sirius Passet U] 2ubrhe] W} 9o &7} cryononite hole
HAESR = ARE g5(1H 47)

X ﬁ
o
o
24
I
=}
e
o
it
lﬂ
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- oA e AR g-el= AR Hoj 27) 4 (class), 370 & (order), 4% °©]

o SHEES HA5(1Y 4849)
- 7F Fulth 2 e U 27) B ohje) ool FEl 9 R W § AR A
= 0 54

9 48. HUAE= Sirius Passetel Al Mg ¢, A, Milnesium sp.; B, Richtersius

sp.; C, Cornechiniscus holmeni; D, Macrobiotidae

rlo

- 20173 %0 += Sirius Passetol]lA] 9HEES =
M= dotdle FHE FK

- 1 % Minesium sp.¢} 3+ 2] Parachela 9HH-5%2] 790l & 2 ol ul
F Z9 @ 9855 Dactylobiotus sp.2] Hol2 ARgdla e H &3
(rotifer)& <= Zlo] #&Ho], wiF AA 75 7FedS B

3], Milnesium sp.®] 7-9-ol= @A StEEE T dA FAS Wol] HEshaL a
o= Azto] o FHEolr|e] YA FENL] FE Hlal Aol FF AR FE U
AT AT Emo] 2 Aew 7|(Z1H 48C,D)

e Sslgli, oW @gel

O

o
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- AAY7HA) o)K7} (Class Heterotardigrada) Echiniscoidea® (Order)e] Cornechiniscus

holmeni, 1€+ 7}2] (Class Eutardigrada) Apochela®-2] Milnesium sp., Parachela2]
Richtersius sp., Z12]3l Macrobiotidae¥} (Family)e] X 5=

& 150 4%

% 49, BOddE

T

Sirius PassetollA] 23t ¢kH 55, A-B, Cornechiniscus holmeni,
C-D, Milnesium sp.; E-F, Richtersius sp.; G-H, Macrobiotid ¢}}X.5

O 9= ¢X%5E Dactylobiotus sp. & 574 2 | A+

(e}
- AE71A el Q- E R EE Dactylobiotus sp.2] 7-%- vl =4
o] A o wiGAAIE ZFa AFACA g 5
- 1.5% Bacto agar Hj#|o] A4= (Volvic AFR)E YolFar Ho)
UQ_ }\]_.9.

Dactylobiotus sp.= A= 1~270 A A=

=2y =

3 ol & nlg)e] SREES WS 3¢ lineage TE AE F

- Dactyolobiotus sp.2] §-¢151%, TF 1%, €9 dH5 FHoz JE Hojgs 35
o] = A Fo)| glom AA7H el AR Hol AlFo 7 Jukr|o] = 2RA] F(1

2 50)
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Wyl aiapenT e [ et

Eyw st

i LT RESTITS ]

[

719 50. Z1¥ Dactylobiotus sp.©] S®) 13,

- Dactylobiotus sp.9] & %74 ZA¥= Polar 201883 (£9]2~ thH ), International

Symposium on Tardigrada &3] (dlvt= FZAsA)AN A EAEZ W%
3.34. R Eor|9] ArEATER] FH Hla AT

O T 7rEol7] 3tX4H4] Chengjiang Fauna®] 3} dloly =
B2 AAsE, rRs=d @ A HEAsETS 5
25E dbd uUgk7] s, $RsERe] FEnad e dAEA E=e FE
§}9jr AAFET] st ATl Ewo] 2 5 AU

5 913 5= Xi’ an Northwest University2] Chengjiang Fauna 94|45

Liu Jianni 9FA}S WHEske] 4= 591 Chengjiang Fauna®] QA1 &A1 55 ﬂxq.g_g
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skl gy dloleE g5
- Chengjiang Faunaoll A= YAIEA5Eo] dAA7MA] 13F0] Hart = e, 71 5 A
A 5&ol 7718 Radiodontan 3}FE3} W F 53} FHo|Z Diania cactiformisE A <]
sk Onychodictyon ferox, O. gracilis, Miraluolishania  haikouensis, Luolishania
longicruris, Hallucigenia fortis, Cardiodictyon catenulum, Paucipodia, Jianshanopodia
decora, Megadictyon haikouensis®] @EE ¥+ T o|n|#] Hloly F=5(1H 51)

1% 51 Northwest Universityoll &3t &53 g4 e d|e]. A-B, Onychodictyon
ferox; C, Miraluolishania haikouensis; D, Hallucigenia fortis; E, Cardiodicyon catenulum;
F-G, Jianshanopodia decora; H, Megadictyon haikouensis.

% ’
3 PgEel AuEEs) A4 A4 FE ol A5, 2
o] XskA e %3J e
5 2 Aol A e Lt 2ol 817 4

& dREE AP HE AE el gis] wl-r] sk Y SREE AT
A Tohoku university®] Fujimoto Shinta ¥MA}S WHE&le] ¢, FES A2 2
2 Al S 5 52)

= R o d
- Y FRFES 1 A77F Fa wx7E Ao A e F-ehA e didl] 1 A7
A SR FEl vd] Afd o nHste] Fujimoto Shinta BFALe} seF SR FE2] ¢
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58 A, 27 9 BE PEe wswA

=

WH= 3. A, Echiniscoides sp.; B, Batllllpes sp.; C, Parastygarctus sp.; D, Neostygarctus
lovedeluxe
O &

A

- €53 Chengjiang Fauna fﬂlﬂ] dolHE FAAF Al 74520 18T = Sin
Passet®] AAIEA 5= M4 diolg e} dA ghRsE dolHE vlawshy FE| vug &
o 3 AT FE T

- o]He] THHAAE SREE T WY ¢EEE (Order Arthrotardigrada)e] 7Hg €14
g F=olZhal AAH =, ol ATE E&l 5% YEE= T SRl Order

Apochela®] Milnesiidae $tH-sE50°] ¢ hH-sE Hls)] Fe2Jo=2HE fsh o

7

[¢]
ARAL o ol MT Yrke AL wa

- 0] ZA3}= 14n International Symposium on Tardigrada (dlv}=1 Z# s A S F2%

= -

335 A4 AREE 2 34 Fu ojE ol FA
O A4 =4 9uEE Yo A
FARAIA AT S R AR L8 5 B, 0598 S

D. ovimutans®] EFATE JPstAA A dHFEo Fefd ol e Ee x| 23}
)

B2 AZ onA] H5 Ve, AdAY mdrEss F5(39 54)
- o]= &3 f‘ﬂxﬂﬂ}ﬂ A A H] e, AHEE] YRS FXE WA o, WAA
o mE ¢H-sE <o) Fejwsts HA(1F 55)

. el e R} BATAAE TAGGE AL T8

_6‘]_



9 53, g AlE7IA FHAA A G 41F Dactylobiotus ovimutans

1% 54. 9% Dactylobiotus ovimutans®] <} U+-

L
A-ANF7=.
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- WA sETe] s} oldlE flEl, WA SEsEE W X
- Sirius Passet?} &= Chengjiang®l Al At&4
o A ghREES] JdH ¥4 5 AANFES 1
- ol 3l YAl FH F§HEE 7P F BESHL e SEsE Fo|, dAH] 7S
AlgElekal o AR = Heterotardigrada’d2] Parastygarctus4-©] o} Eutardigrada’d-<]

MilnesiumZ:ole= 218 & = AAN(1H 56, 3% 1)

=Y

9 56. 9% dA) R & Parastygarctus renaudae. 7}3-4l: TFE o] 5=

Miraluolishania haikouensis. 9.2%: dA $&H-5& Minesium sp.
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hrian
P e e

Ventral or antero-

Mouth position el Terminal
Peribuccal papillae Absent P'“I“I ntin T Present
Circum-oral element Absent? Present Present
Pharyngeal teeth Absent Present Present
Elongated & Elongated &
E ity i Transversely striped  Transversely siriped
Rostral spine or
stylet Cross Parallel Parallel
Limb morphology Telescopic Lobe-like Lobe-like
" . Inserted directly on Inserted directly on Inserted directly on
LA NaThon the foot the foot the foot
Sclerotized element  Whaole body but not Plate or spine Absent
on the trunk biomineralized Biomieralized
%1. LR FE Parastygarctus®t Milnesium, ZB2ol7] 45552 T Fe) I2 v

3.36. A4 drFE A HAdsE FH doly Holx 4
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O E5I19¢= Ella Islandol] A48l A& gRs= A+
- RS E A9 AR Bol 38gE A= vlE) AR addEs R
= AT OlﬂE*OM 2] gol, HEaUHE=9] Sirius Passetol] ©]o] S5 18 =2] Ella
Island Ao A SHFE 2P
- o7|[A & EEol A b 7HX11 o]¢] ¢hEsES st G 5 A Al AR (2

Y 58)

19 58. 3% =W mk kB FE AlE. AB: Macrobiotus sp. C,D: Milnesium sp.

E,F: Cornechiniscus holmeni G,H: Echiniscid sp. 1, 2, 3

- SEM, DIC &m|7, partial DNA sequences (COIl, 18S, 28S, ITS2) 44 =& % 54
T A sY(E 59)
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% 59. 71T Ella [slandollA] At=d $HH-55E SEM o|"|X]. AB: Macrobiotus sp.
C,D: Milnesium sp. E~G: Ramazzottius sp. H~K: Cornechiniscus holmeni L,M: Echiniscid
sp. 1 N~P: Echiniscid sp. 2

- 2k%- 1200 Km Hoj%l Sirius Passet®] frAFSE SH40A A-E gdisw & 7442 v
sl T/EIOYTES] SHEE AKX Y BXE AT &8 o

O EIY = Sirius Passetoll A AtE5 = A5 E AT
- 7R Eely] BE F A8 S 7FX:= Palaeoscolecids®] FE|A, 234 7|9 AT
at7] flal dA B dds=9] Fee} val A7 9 F
- Sirius Passet ¢1:29] o]7]9} B0 EHoA 400] 7jA|e] NEEES Al g F
A= AZHL™ 60a, b)
- BT g AYEE QPS8 E5)(East Siberian Sea, Barents Sea, Svalbard

Fjord) Svalbard FjordellA At s E4E A= +24(1¥ 60c, d)
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[‘_>L

-

19 60. AAT AR

AFZ A, B Sirius Passet dthe] <4

Svalbard Fjord <1:+9] 3%k Alg 2 AAdv]d A7

- SEM, DIC &"]7, confocal ’6411]73, partial DNA sequences (18S, 28S, ITS, D2D3) &+
2S5 %3l Sirius Passet 91+ MEFEo] 415 ol W F 54 EHel 7k ey
54 vl A5 FH(1H 61)

1% 61. B 1HUH= Sirius Passet <1+ o]

7} Ak BolA APE e el
o] SEM ofm| X, m2e] Qolsh W), Av]eh FAe W o} thE UL

o]

=
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% 62, BT E Sirius Passet Q1A 2F S AFSEA B 2 o] 7)o A
Dorylaimia®}Fd A& 552 SEM ©]u|x]. A, B 7lA] AA|o|u]x]. C, D 4K Fo
gjjo]u|#], Teeth, pharynx, papillae®] A= & F+x27F S1E. E, F <43 &

gfjo]n| ). horizontal, vertical W3Fe] A& o2 FeE 714, A5 e 3

E45o] B ofe Fo| g #)
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71 63. Svalbard Fjord U]

TR YRITE E, F AWA LAY
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=
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3.4.1. Remote sensings- ©|-83t S 1dgh= XA 2k

O Remote sensing< ©]-&3 Ha1dd= XA E #ZHA
Z] O

- BoREE S0t A8 4o Qflew AFEE o el WAllA Dol
EEEERE I D

O

ol @ol dthk= el 20164, 2017d9] SAAT4A F

H

- Sirius Passet#2 314
HolHE 98 4 I
=

- BaddEe] A d%
Reflection Radiometer (ASTER) t|°]E]E &-8-3}i= Remote sensing”| (18 64)& 3l

A %

Suin
- P
Satellile < . -
» Y \
'.f'.fmer- Trea
Endmember Signatures
712 64. Remote sensing= ©]-&3F W X2 AW IE 7HS FAHoR Yepd 19

(3] http://ehdatheyat.ae)
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- Remote sensingS &3l Sirius Passet 5 A 9o] 7|EX| AL} k2] ¢k= AS & 4

AR (18 65)

s

% 65. 1980l 2 sk T el A E(FhHeF AlE Al Remote Sensings &3l
235k SPAAEA] TR X AE(S). HoAo g FAE F4]o] AEEE Buenzo| 7]E9)

-

o
11—
AAEshs GEs] $EoR ddsA et NS 4 5 98

_7’I_



A i ST S U
G ] P ¥ ol 4RI 440 A L0

[T

E
=

Rl Syl F Jpiees 4 Jipan gL
i wra) e N ITW

. i i 0 Wi ui o ol
Alhs
[

Wl Skt 1R SIN LN

1% 66. H1HUTE Peary Land®] Landsat-8 ©]1|A]

- Remote sensing 7S ©]&3] 51 = Peary Land®] A A% 93-S 2H(1¥H 66)

A 5ke] EAZ oF 25 km i3l A9o] Sirius Passet®] #d 3}
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—5 4000[! | -52IHJIH:- -
42w 41"W

! 4 L1 k-

£ | i I Miles
f-.l'_l_{-_ﬁ_ﬁ 10

| i I { [Km

Map Scale 1:1,004,0600

712 67. Sirius Passet Ath¢] Landsat-8 ©]7]#]. Sirius Passet®} AR A @& Ho|=
Z]o] possible localities® X & E oA

- M2 LA FEE A

oZi

A9 20189 HAPlAM HEFEE o]8ste] B o

3.4.2. Remote SensingS ©]-8-3F Hadidh= FEA}

Fel

SE

s
e

O Landsat-8<2} Advanced Spaceborne Thermal Emission and Reflection Radiometer
(ASTER) Hlo|E| =S &-83}= Remote sensing 7| &3 ## =& AA(ZH 68)

- Pour, AB., Park, Y., Park, T.-Y., Hong, J.K., Hashim, M., Woo, J., & Ayoobi, I. (2018)
Evaluation of ICA and CEM algorithms with Landsat-8/ASTER data for geological
mapping in inaccessible regions. Geocarto International (published online)

- Landsat-8/ASTER Ho|E|E &8 9lo]A] Independant Component Analysis (ICA)
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9} Constrained Energy Minimization (CEM) algorithmsZ £3a] x99 A% 2k =
He gy

o -
i |
I.!-'
12 &
L
Lal )

S I A e Ty
- . = -

Legend ler & uposed lithologies
Foamur Derdemic
Thmaning Havbenar knkrwive (GHTE

B leaon supergrng
- Wilsim rercinmusmphic

1% 68. (A) 2D scatter plots for ICA bands 2 and 6 (a1), ICA bands 2 and 7 (a2), and
ICAbands 6 and 7 (a3). (B) ASTER image map derived from IC2, IC6, IC7.

- Pour, AB., Park, T.-Y., Park, Y., Hong, J.K., Zoheir, B., Pradhan, B., Ayoobi, |. &
Hashim, M. (2018) Application of multi-sensor satellite data for exploration of Zn-Pb
sulfide mineralization in the Franklinian Basin, North Greenland. Remote Sensing 10,
1186.

- Landsat-8, ASTER % Phased Array L-band Synthetic Aperture Rada (PALSAR) t©]
HZ #83lo] Ha9d= Peary Land®| Franklinian &40l 4 zZn-Pb 329 £¥ = &
Ab

- ¢]& &3l Zn-Pb sulfide FE T}

-
M
Ifll
ﬂ?
pou)
o
utl
f
o,
rlr

L

tlo

SEadds o



S —— Cirarun Mlard doposl, Peary Lot s MESD 4

=

a9 69. 1T = Peary Land %19} ¢] Landsat-8 |7 #|(zh)e} AlH-#< 9]
HHEGESI Zn-Pb7h X3 HEFECSA B A=) Z3E(9)

343. HAOHTE FEAY AH= 24
O H4 Z2H&= Inglefield Land 2] 78], & 3% E¥% 2H4
- ¥H=1 Remote Sensing®ll A}

- Landsat-8, ASTER, WorldView-3 $J4 Hlo|E & &83t ¢, & BX % o|n|x] ZA4
(29 70 - 73)
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Chaiemary
R e iy Erontront Ancyo Smith Sound
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Liseste Wi Camsbam fama’ ifciclnet poks. oo
Thaule Suparprawp, Mepaprotsmenic
e

R S v, e fonay

puermf:!um Mavshud Bugl v‘;‘}- 'fr- "
Lt ey e Camaes |:"' L e me ey
B ey M W = Hwaity

e it
==

rad Ay . - : Central Terrane

o
B T Aunssakar Sugl |
=

ahear zone »

Etmn Ix'. LI 1
A o,
Aladncer

- g

soviag I =5 Proctoe Land Inland fce

219 70. Geological map of the Inglefield Belt. Cu-Au mineralized belt in the northeastern
part of Inglefield Land shows as yellow color shadow (modified after Dawes, 2004; Kolb et
al., 2016)

1% 71. Pseudocolor ramp of the DPCA4 rule image covering the IMB
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Y WEHW W BT

o

Mineralization

belt o

(LAl REIOW L T MW

m*c e Legend

Hematite/Jarosite
Chiorite/Epidote/Calcite/Dolomite
B Muscovite/Kaolinite

I chaicedony/Opal
B siotite
1% 72. (A) The n-D classes (end-member spectra) extracted for a selected spatial subset
(ASTER VNIR+SWIR) covering Cu-Au mineralization belt and surrounding areas. ASTER
band center positions are shown. (B) ASTER LSU classification mineral map for the

selected spatial subset covering Cu-Au mineralization belt and surrounding areas
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(9.

©_. = N -4

=, »* Cu-Au occurrence i e
DigitalGlobe - I .
Low High
Z13 73. Pseudocolor ramp of the WV3 (VNIR) DPCA rule images covering the selected
spatial subset of the southern part of the Cu-Au mineralization belt. (A)
Fes+ironoxidesimage-map;(B) Fe2+ironoxides image-map; (C) ferric silicates image-map;
(D) ferrous silicates image-map (WV-3 image, courtesy of the DigitalGlobe Foundation

(www.digitalglobefoundation.org)
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O B3 E Sirius Passet3A14H4] &FzA}L

a7

2l

3

g

T49 2017d% B 19 = Sirius Passet &%

A

g 74, =

of Fil (1% 75)

¢] Sirius Passet &

=

a9 75, B
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a2 77. 2017A1= Ea3EkE Sirius Passetoll 4] AF 3 159 34 2 oAl A&

A Fgol A48 WE 3 HdAT EFE o] &3he M2 WHORE JIHEQE AEE
o= AFH (L 78)
w2]& Al7o] & BHEY A% Kerygmachela & BHA(ZL7 78A)
AXNAA 552l Aysheaia®] 2ZE3} vf$- =27 WAEE Hadranax WA(1¥ 78B, C)
1°59F S Chengjiangol AWt AF=H k. AW anomalocaridide] dF<1
Amplectobelua 71(Z1% 33D)
7Hubet Burgess Shaledll A7 A=A Amiskiwia®] 21& AL 78G

(e}

2]
=
201641 2 sw s W) o] il eEE FALE AEE F7F (3™ 78 JK)
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19 78. A, A17e] & BEH AE Kerygmachela A s. B, 2% Aysheaia A &. C, "5
8|98 Hadranax *1&. D, M7 27% anomalocaridid®] 2% Amplectobelua®] frontal
appendage €. E, Aol HEH %7] AX|EE Kiisortogia A1 &. F, A5+
Arthroaspis®] o1l 74l G, MFA € AF Am/SKWIa A&, H, loriciferans =<1

Siriolorica granulata *]%.. H, soft-bodied brachiopod® F4d %= A&, JK, HAsE=2
FREE MEE

O Zo)7} 30 cmell €3l= =& chaetognath (32 ) 34 23
- 80t ofi= &7l ~F(anomalocaridids)e] ¥ o] FHx 2 2 FrHZolr]] iy
A]E_U §]_}H

- A= dr o o7t 3 om AER TEERAES TR ol
- A TEETAEES SRR Y vsbr] 98 1 THrEs SRS

- webd greloplel A9Ee MEE 4 AAEFEEC] 1 ANE AFAES BEAH
AQEAAT} of 209 ST AL §5T 5 A

e &
=
- TL sk Hdoll Aelld B ejoly] FEEl] WolAlaE st gk HEE e Y

2

!I
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trunk-tail
saplum

esdis

Eateral fim

saminal
vasiclie

1mm

caudal fin

Sl sk . D, 2017A1E HIRITE Sirius Passet dd2AME S8l A5 g
Zugolr|el Uy e 4. E, Sirius Passetoll Al 71 @] 2bE= AA 5=

Isoxys<2] carapace 314, A zoea# ¥ carapace UFH=Z 71 7HAE HIAZ AE E S U
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— Overview of muddy deposit near camp site

Section 3

Lamlnatcrj rr-u""i-'-nr with Deformed beds

O 2018. 07. 11 ~ 2018. 07. 21 &< E1HH=2] Sirius Passet X oA dAAZAL 4=3)
- BOEHE AFFAL APY 7P Be 1299 elo] dFFA (1Y 82)
- Sirius Passet 3}4]2FA]o|A] 330 kge] ZrHE|o}7] 7] & A& AH

- SRERS TP A FHEEE O A

19 82,

e
I
[
r&‘i

Ao Hoh e SAAT A 20189 A A

K
i
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1(-15 84)

A %
Kap Morris Jesups®ll &

9] Automatic Weather Station (AWS) A

LIEES

Ieme Dae i
=i

g8 (-7-)

o) 9=
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- AFHES} 45475 o]&3sle] J.P. Koch Fjord9] #x 3] ZAHZH 85)
- 100 m o]Xe] Zlo]E J.P. Koch FjordollAl &R18}aL, Arctic charel £ offF 2 &2+
(amphipod)e] &4 &1

o] = =) - s
THE SZse EE

=29] Ella Islandol A thehel= #HZx 3

- 10“323 TE dFEAF 19o] 2019. 8. 5 ~ 2019. 8. 15 7}4] 3

?:ﬂ_%}z&*} e (719 86)

CRENES

A2ARE fll ofolET=9] Norland Airet A4 Zloke Aldsta ELQIQES Aol
4 87)
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1% 88, AT wieHE dtelstelsl- 47 o2 wn 2] ShAEHe 2H AS)

- A Agel AFFEel], FEelr], eaEH|AY] AIE HERE AF (19 88)

- 7] Z¥B.go}7](Cambrian Stage 4)¢] Bastionz 479 AZ$ w5 wAsta, A9 =
Atelo] gitked g A5

37 dtolztetr)olAnt AEEE Ae® 42X cloudinid?] AFOE Hols A2
FEe] A E H s ALY 89)
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] A& pioherm FE|Z o] Fo]F %27] o 2 wH] A
JABEZ o]Fo7 bioherm?| 7|¥ Hel= 453

o, 5449l AMFS wolid], ol

1% 89. Al FAl ¥k Cambrian Stage 42 Bastions %

wEoN F2% A2 Fele] ALER T S

A7AE

- BastionZ -0l 913k Ella 52 A28 =F
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3.5. {AA|FHT 493

3.5.1. Z-H= AM7iH glolo]ol Xz} 213}

aRgEs AW (Eoarchean) ol A8 AT ol o]27]7bx] 9] vhekdl b ow A ¥ AL,
L 93)

AT - AT - Aol o2 vhd 2171 tkeE TIsS R aE

Faldd beeded

Z paleoproterozoic

'?;‘ 2000-1750 Ma

North
Atlantic ]
Craton e Paleooroterozol:

M othE = fhald belty

WHI ks 30 km

19 93, 1 @=9] A AT} AT A(E A %7, North Atlantic Craton;
Henriksen, 2008)

JRHE aJAAY A= AT A B, AgAds, QA s FAEAT S

Mg Y FHeR gAY 2H(19~189d #)7F FAE AL, 18~179d7 Al7]el o] 22

JATE )5S dAL} vek e gis o2 w5 tHHenriksen, 2008; St-Onge et al.,
% 5

N
27 A7} 55 (Independence Fjord Basin)®} 5-4(Tule Basin) 1&gt
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co AP, 2 Eati(Gardar rift zone)”7F Bl gt=of WSk tH(Henriksen,
2008). A4 ¥ &A= E-5(Hagen Fjord Basin)¥} 5(Eleonore Bay Basin) L@ @H=of 1t
21 tH(Henriksen, 2008). %7 1At ¥ 224 =18 @ =(Franklinian Basin)¢} 5 1¥

@ =(Kong Oscar Fjord Basin)ell 'Wa3}3liL, o5 EAEA= F7] Aol 2z el

1=
2] ¢HEllesmerian) ZAR>-E¥ ZH =YK Caledonian) 452 B etATHLH 90).

352 aggts %7] AT R FREH

HAOEEEE AW Xk Hvkgt 53HA(tsaqg Geniss  Complex)et S AT
(Mesoarchean) ©}7]oHAkia)-EA| A<=} (Tasiusarsuaq) El#¢1 o2 A Ht) A= #HAn}
o} ®atH o] o]Fol(sua) XS Al YolaEAolH(38~371d )T WMAIAH(~36.521d
A, o]%7}A¢Hsukasian ZAMEE)S 7HAE = ol @d = A 317 oldest 9HA Aot (2

93-95).

o

(a)

1 94, IRE A ook AA TR (@) EA @@= A 21 (Windley and
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Garde, 2009), (b) AT SlALA(tsaq) HvFY HEFA(THHE Har7]oldest GADeE 9
A4 (Friend and Nutman, 2019). 2018 =*|d+4~ A5 74> (Camp I, Camp II) 1%

Z7] AR AT TF S Fetsty] s 2018\ ool akA A Y-S A HxALsESIT

(1§ 95-99). o|grolagtAl HA- A7 e (supracrustal bel)ol Al A1) 417499t skt

oF, A HHok MAE Y WME kel 543 (banded iron formation, BIF) 5 157}

.7 Ga ]*b] Aoz WUy ZANY HA Lz

A ZAAT A E A AR,

AeHERIIo|E), 3 H3(BIF) ARE EFITHIH 96, 97). 571 A AT WA
G

BAHE) AlRE AF S, %‘f‘s}é}%i meZA o] NAARE 5317 -?46—}04 W5} A o]
Lol O B =

%
O
35403680 Ma 7] o|-oP4A SRR 0 ol Adow Sehe A

2}
S FAAY WY A MEdEs AR F vEA S s sk =AU 37 Ga)
WE TS S5 ogolth dH-AZrdd) diy-te] HAdS s =3l g A GoA
= FE ket SEEviE 99). AdFAZRkel A ERlE = nwE El Xy} W
RAre] BA 2R 2] A ool gl 47 G WADES Ssked 2 A
AFE AT,

I5% Azl gk SHRIMP A o] U-Pb At 4 Aape ofgrolisgha] ool ~37dx
SIS E(GLIT1 WA EYOLO)E, 3703 + 2.5 Ma; G11/42 +42 wAdslater 3709 +

Ma)3} ~36.59d 9] 344 25(G11/37 314459t 3636 + 5.0 Ma) 2 A Z-8(G114#4

3678 + 4.2; G11/42, 3640~3680 Ma)oll o3 P4 ASS A GH 1 95, 100). ©]4=o}=3}
L

A ZAA WA RL o] RS ZAF] 9Ele] AR A zF oA BERE ARA-S O
SHGIL/LOSD)el  wisk WA <F

(GM/LO51)2 A1F-A] wbdzde] sy UHEEJ.iﬂ Wy NS EUE A WA
(~3.65 Ga)ollA] = AThAd F9lSo] =2tk 1d 101). A574A] whapiA el A
SAlF(core)®] =& Ca(Xgrs) & tha & Mg(Xprp) 3%, FHF-(rim)oll A o] volxl
Ca(Xgrs) &#3} tha Fobxl Mg(Xprp) $HEo2 thEATH Y 102). AF4-Se% A
(GM/LOSD9] A%t A-(MnNCKFMASHT) 71 (pseudosection),

M
isopleth), 4]F4]-5-8-% %27 (garnet-biotite geothermometer)S ©|-&3&}e] WA P-TE AAt

ShA, AFA-3 % HOHGI1/L051)S 520~530°C2] AAL% oA 55 kbarol|4] 2.0 kbar=
(low-P/T type) W28 ek o= M EHIH 103, & 2~6).
Sk

“6§ E O
27, o] TN O FAE-E 9FAF o]4TEAICH o] 3 FARS-Fo] % &

m[o

’
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agfsfo] ofgrobgbAl] A ZtetHll A 5%
l

QA]o] A7]

The Geology of P
the Isua Complex s
GISIKASA, 4
Southern-West Greenland | —- ol
- IT {
GREENLAND . | G11/L051,
G11/#171, Metatonalite G11/37, Granodiorite | /g Grt-bt schist
|- 3702 Ma (igneous) ¢. 3635 Ma (igneous) | /2 * 7
sua s 53680 Ma (metamorphic) GIS/KA9 8 G18/K4TA, 47B
‘ 7 oW e LU LR o
' Archasan || : b, .
craton :.‘Gt&-‘f{‘il&. 52B,52C them 1ern1ne / .
GIB/KS3A, 53R L ;
‘*bu (|IBu"h54 Gi11/42, Felsic metavolcanic
rock ¢. 3710 Ma (igneous)
3680-3640 Ma (metamorphic)

= i ! i
‘"1'.1:" 5km|_ =

T 95, 7] AT olgrol HEAISE o AlE A Xl%j, SHRIMP Ao} U-Pb <t)
w4 AN AR and Friend, 2009). -4 Ztett(supracrustal belt)

an a
2 HeHG11/L051)9) Al AN A4,
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96. =7] AT o]golE A A xH2AH20184), &5 Wollongong

3]
& oFlEAk AW S skl A HES WA WE ARt

A B(BIF) A5 BHa
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19 97. AU 3.7 Ga) HATR 2 AEEA (k) ZAAY S2ulo|Ee} BA=Y, (4
E) AbetellA gelss AU AR, (6 F) AU 2ERulEelolE

19 98, FAAY WAYT AAMEAE AF. (£L) SAEFBIF), (HL) F4-S+5
Hel, (£F) AAELEIE, (£F) Walsh: 7|uete] AudrnE vosly] ¢lshe] Wshxd
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“Ph/ ™ Ph

G11/37, Granodiorite

" G11/#171, Metatonalite
i, 36 5 1 36
Welghted necan of
v Py o e AT
IMAT £ 2.8 Ma in=20) [
(135 L MEW A i IOt - Weighied mean of 1
g men 1641 Phi*= Pl e
"I Ph g 032 36362 4 5.0 Mu (n=T1|
IGTT. T 4.2 Ma 10 = § nES 3 jE:wup
0.3 S meamorgh = i.,,Hﬂl-. '
1730 e 1L 10|
.33 T rE 3400 '-|.|..j
I i“ }Il & 024 =
i NI | ,‘!-_:”l:,l 1..:.|:
o 3560 16 0.6 1L 300}
HEGIII-E |
&5 . A5E0
031! : 0,24 i\ -
A 1.4 1.8 22 ' ¥ (K] 14 I.# 23 1.6 ENI
Y | [.I" _'lllll'jh _‘II\‘.L_|.I_I ‘-I-.I}h
S G11/42, Felsic metavolcanic rock O " USSR gl & G11/#
Welghied menn of - L e bl
k0 P 1% ane:
37091 £ 2.8 Ma (n—183 ()
MW= ipnoous
34
i &, 3640-3680 Ma
€. 3550 Ma
metnmorphic
(IR
Weighted mean age of
jgneous Fircons

. .‘].[ IIHHHTHJI - {

R 1.3 LS LT 19 c o iy
18 “. 0 Ph - | OO

13 100. o]rolEghA] 2 Al® SHRIMP Ao U-Pb dtj ¥4 Zx}e}

AN EdElo] E(G11/#171) o] BSE o]n| ], #2%1]: SHRIMP lle, JEOL

6610LV(3H=7] 23}t 4 1-9))
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(@)

18 101, o]FobEEhA] A FA-3ew HeKG11/L051)e A ALK, (a) LU, (b)
Ay, ofol: A 4 (grt), S2E(bt), X Y(atz)
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121 103. PERPLE X E 2788 o] 43t AFA-58 1 HAHGI1/L051)e] HA
71 (MANCKFMASHT). 41541 ubai g A 5-9] isopleth(Xalm, Xgrs)<}
2574 (grt) -5 5(bt) A27l(geothermometer)E ©]-&-8 WA P-T AL A57A-=
HOHGIL/LO5DS B #E 23>
A FA (gr)+ S92 (bt)y+A o (qt2)+ AP (p)+E EHE A (ilm)+ 3 (H20) .t 3%

ot

% 2. o)l akAl AL gTle] Fa ohAl A FAx 24
G11/1.051 Gll/42
Sample elsie
l grt bt schist fekis

metavoleanic rock

Major elements fwi. %)

S10), 53.20 71.83
Tah, 0.43 0.28
Al 13.82 14.10
Fe.()y 26.36 2.85
Mn(h 0.30 0.09
Mgy 2.28 1.13
Cald 1.42 2.54
Na. (0 0.06 3.50
K0 278 267
P, 0.03 0.04
Lol -0.84 0.88
Total 99.84 100.00

LOL, loss on 1gmtion

FEAI7H]: XA 834 7] (PANanalytical Axios Max; =4 A -4)
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