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III.

SUMMARY

Title

Research planning for early animal evolution and the primitive Earth

system of the Arctic Greenland

Purpose and Necessity of R&D

Necessity for a project in relation to the KOPRI strategic goal for
research area, ‘promoting the advance into the Arctic for an initiative in
the age of Cold Rush.’

Related to one of the KOPRI performance goals for research area,
‘Obtaining the environmental and resource information for expansion of
influence in the Arctic’

Elucidating the early evolution of the first animal on Earth, on the basis
of the Cambrian fossils of Greenland

Elucidating the primitive Earth environment for the first appearance of
the animals through the research on the Archean basement rocks and the
tectonic evolution

Therefore, this project aims at research planning for elucidating the early
evolution of the first animals on Earth and the evolution of the primitive
Earth environment, on the basis of the paleontological and geological data

of Greenland

Contents and Extent of R&D

Selecting the research area in north Greenland, and finding a way to
compose a new geological map in the area through the recent remote
sensing technique

Planning the way to elucidate the early morphological evolution during the

IV.

Cambrian Explosion of animlas
Devising a method of using EPMA and Micro CT for elucidating the
morpholgy of the Cambrian animal fossils from Sirius Passet, north

Greenland

R&D Results

Planning for an expedition to Sirius Passet, north Greenland

Composing a new geological map of north Greenland through a recent
remote sensing technique, and using it for setting the research area
Solving the arthropod head problem using stem—group arthropod fossils
from north Greenland, which preserve the nervous system in the head
Utilizing the EPMA and Micro CT to investigate the chemical composition
and for 3D reconstruction of the mineralized internal structure
Comparative study with the Cambrian animal fossils from other
Conservation Lagerstatte in order to understand the temporal and regional
aspect of the Cambrian Explosion

Comparative study with the extant invertebrates in order to understand
the morphological evolution

Selecting the research area around the Isua Complex in southwest
Greenland

Elucidating the evolution of the primitive Earth environment by studying
the formative process of the early Archaean gneiss complex and tectonic

evolution of Greenland

Application Plans of R&D Results

Contributing to understanding the evolutionary and morphological origin of
the extant animals by elucidating the aspect of morphological evolution of
the Cambrian animals

Devising a new technique to understand the morphology and ecology of
the first animals on Earth, using the EPMA and Micro CT

Composing a new geological map of north Greenland with a recent remote



sensing technique, and using the data for fiding a new Cambrian fossil
locality
O Securing the early Archaean samples for research and developing a new

technique for isotope analysis

_vi_
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2 reflective film FEIZ o] glo]A oletgoly} Eo] ©& A2 Holof Amals] <A

& 5 Utk A, 13 AR dF2AE alAE AP AA AEshe dEES o
3 olnx] 5 AlAES 3aabx] Ao tidste] Sirius Passet @l HAbeo] A1
Z2Y 398 =2 o Hol}
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o Sirius Passet3tA 2] HA 283 HAFHH dFd =
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FL”S‘F!'IY laminated Moderately laminated Homogeneous (bioturbated)

%)

Sirius Passet9] 3412 oF 8m #+7+] Transitional Buen Formationthe] ] el

AEEY dlY FHe X33 FRiAE] disk digke] E X387 3§14 (Ineson and Peel,
@ 9 Serius Passet &40 ZFAdwel WHHANKI(A), 22| wHOAS S st EA

20113}, Asfe wAol da A7 olFol7l urk IARHLe Boudee et al, 2014), ¥ »

A AT A7 A= gy sHAo] Hoju BEdEgs AL 1 3A

AARE FrEe B oolygl, & v 314 Conservation Lagerstitte?] £A12 <=3}

A AT AAA NS FLI. 2064 A FD PHARE oo g A o Buaace )& 9% 74 Q Remote Sensing 74L& o848 Badas

A8t RaL, oS wgoR du] H44 7Ees *E‘Alﬁ}ait‘r. olel weaw, 3AAkHe) b A2 NAE FA4 78

£, eF vk 2eEd A, v Gt BEd A, PR LR P2

9, HAE FTRALS AN TN A2RE AAARD, ol HHREA AA AAA e 38 Freols] s delE BT Sirius Passet 544404 &

o] abhwe, aEa oo mE AEe] wdAge] & 2ded Fo FUASS U HlE Qo2 mafic dykeZt Aubzbe, w23 Fajgich webA] o] 74 AEEe s

o e gy % asggel o distortiond Wk ikl gtk webd Wy 2 WY
Fh ARt AU 24S B, SHAETAE 2R Transitional Buen FFE LA &2 Sirius Passet? HISI HaRgt=e] ThE ARAE ety

Formation?} Portfjeld Formation®] ¥4 37& Wa|al, JAler B A4 F714<1 Cambrian Explosion®] 4-S FHai=y A4Ae 9ae & & quf. wat 7|29 5

Agtet A-E P, Hold HEFHE Kol o] g & A B8 Akl W oA ThE AT B E A, Ao R AEFHE FETE A

AJAE AL o5 FrYopre] thE spAAbA el HA A H vlud T, 55 o7} 7ol BAHES EFAoZ ATsy T wo] B 2= 9l Addz AU

S drdas Aded slen AzHn, A FUA Ame A E e Burgess Shale®} W] <238t 32427} Burgess Shale?] 9 3t44kx]oA] oF 40 kmA3 &=

o= Zlefs Ao RAlH. "ojzl oA WHsolA Burgess Shalesl $% AHAN W olsg mza,

Cambrian Explosion®] 7 7ol &7]4 <1 7]l & s thHCaron et al. 2014).
gy o] HtAo] FEE AdE HIdd= Ao HALE 7] s @
S e mpEA R AeFEHIF ek, 20179 o E A2 St. Nordel] ] FH
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7F $& elAol7lel, ol & dAtdtel AdxALE FRE Al F ot

£ ALYFE £82 91604 20169 BFEA AL A5 G St Nordel A1 ol
st} Aol AT Ee 1059 FEAI AFEE

e

EI1UHEC] Sirius Passet? H 528 ¥4, WS WA @2 SIS FRFA
roglE w8 22 QXY AFAHolA EgrHe.g. Conway Morris 1998; Peel and
Ineson 2011). 71 & ol ¥ stvhe H2dd= A 9] AAwrt J&sHA] Hdirhe
Aoty Hadd=e] AdLEE 1980d el HxE 7|2AAALE A A EHAT
(g 1D, 28y A4 We A9y AREE AL Agoew AAF ol sty By oy
o Ao dFEE Tl W Aol AMZo T FEI= WHOoR AHAE}
AT o] A9 AAErt FEeA Frie AL 20169 FAATA FEO AR
ZAE B E EIEAT

wepa] Ashg A FALE flEiA F o A AA Tt A EHo oF d o] &

g
$1ete] Remote Sensing B8 H4 AAE 24 7lgo] F8E oA, o) H:

0

Landsat-8¢} Advanced Spaceborne Thermal Emission and Reflection Radiometer
(ASTER) Hlolel& #83te] FAu Ao $da e gyel e e 43 2

BE ARE Lol WHolth (eg. Pour et al. 2014; Pour et al. 2015) (28 12).
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Landsat-8 914 2013w 2AtE|9lem Operational Land Imager (OLD9 3-2-2. FrHoly] TE 271A% I 79 AT 71¥
Thermal Infrared Sensor (TIRS)E ®HAIATt o F 71715 F3l Aol 7ML 94
o wtut M=l 279 FHM=SE dom 15mE 3 JAZ 3} resolutions LHEFATE
ASTER+=  Visible and Near Infrared (VNIR), Shortwave Infrared (SWIR), %
Thermal Infrared (TIR)S] Al 7§9] FX = o]Folx] glon] AxHe] FE Feko wpe
Ad &z 2ol 7Hs st

A FAAF Aol A= Antarctic Peninsular®] Oscar II Coast®} Northern Victoria
Land# 9ol th3 Remote sensingg ©]-§3 XAE 2Hdo] iy rHy 13). ut
ZA 2 Ao A= Remote sensingS ©]&3 HAl AdE 2 7S o] &3t 80
ol | AgelA fetow A GEUSY Hadd= A= vlug W1, Sirius
Passet StAAFAI9F W23 A A S Hole AAS S BHACR AlobA A= 344

A7) WALE AT Aol

o FRNATAY 2FHoYE Sirius Passet 34 METE FoA 4 AFqA
=4

Ao A As U7l 98, 201619 FFFAE T3 AFHEFAA FAA4
24 ¥ o)) E Sirius Passetshda T 4 A7UdSE Al = A4S & Ao

o @AZEA 1001709] el dgehes sEEe]l AFAAR(LH 14).

a8 14 A FAIA T FFE = Sirius PassetdAE. A FR2E5ET
= 5

o 7}7t&
TE. BUAEATE. CONEATE. DEATET. EEASER F AASEL &=
Chaetognatha. G: S+dF &% H: AAFTEL. L Ao 5EL. I AFFEE. K 535 E
. L IASFTEE M AT EE

a9 13 A FAAT2NA 851 9= Remote sensingS ©] &3 Antarctic EwoR, A&
Peninsular?] Oscar II Land X9 tst (A% 24 &3 A FEo] HEolr]o] AHe THIUE T4 oyst %y Fejst
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Hol AAFEe] 7] s 1HE 5 Ae HolHE AgIHLE 15).

L

Implied last common
ancestor of Panarthropoda

Tamisiocaris
ST Pambdeleurion

'/T\"l“\\“\\

Kerygmachela

a9 156 BASEY %7] W3} AEX. Sirius Passetol| X &9 = Kerygmachela,
Pamdelurion, Tamisoicaris® A%7% $A.

w3 2016 BAARAIE = AATE

Panarthropods®] &%

ES =
AT FEATF G4 FERUV AT YA olojd Ao meld

Iy 16 2016d S @= Sirius Passet #@FFAME FalA A FHT
panarthropod®] ZAHH S 4= T2 31249 gtz
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20161 HIdF=9] Sirius Passet AFFAIE B AT A A
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THE 17, 18). Aol Mo e A *ﬂﬁ]@ﬁii =3 = AeR
oA wo] yolrki= frontal appendage®] A17de] olA ¥ AA 2 H

t}e] Burgess Shaleo]t 52| Chengjiang biota‘ﬂ]*‘]E ATt

Y 17 YE ARt BED YNEAE
# 25 gl Wby 12tz £Y

2 Kerygmachela9] 3. 2HS xztoz H|
o
=

HE 259

o} =
15 ]F ,

%9 Chengjiang biota°l & 2012 o] % W &%

' 3ol Huxo]l dxFEe S s Eﬂ 2 48E 33T (Ma et al.

2012 Nature; Tanaka et al. 2013 Nature; Cong et al. 2014 Nature). 221} Chengjiang
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head problem; Park and Kihm 2017 3%)& sjid3= ¢ S
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B & AEFEL 749
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2% 22 YRS Micro CTS o[ 83 849] P2% 3519 4] oAl
Z=olA AFEE F7] ZE2opr|9] YAl AlEFE Cambroctoconus
orientalis Park et al. (2011)9] YE X E HolZ+= 3X1Y =Y o|ujXx|&.
< X]ZJZP% Thol s A Fo]E Micro CTE el 3=, S35, Ao
55 & 53 Aot AFA /MEE Micro CTE %ﬁ% e A7]el & ol
w2 erow %311%‘5 $-2vgtel 9= Micro CTE 5 7Hd wHojut(ad 23).
- 26 -

[
7% 23 AFAARATUNN S AL QM 2ol § Micro CT.

r

webA Hie] Rales JHe AEALdAFLe] Micro CTE 321402 4=
glxjo] HEH E1UHE Sirjus Passet 5259 WHEF2E F45E b AMESTiA
7€ AES AeA wrEuA XY RS do S A4S
9 24, 25).

o
il
1

ne
1

po)
o
il
N
=
)
fnj
M

33 24 G0} Micro CTEHS £ YR 720] 33198 2 by

_27_



Porosity & Extracted sub-volume Porosity & Extracted sub-volume

Centerlines of filamentous pores Centerlines of filamentous pores

2% 25 o]ulx] A2|g Foll ARl e g A= oAl AFFEojul9] pore space (Jin et al.
2016).
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A 4
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TEEe Zu

A T A, Te Ao guelolrle] FREI MmATIE DAl ¥
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Hol= 7kE ¥l dH 2AAA Arns Aed Aok
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ol R 3}k Cambrian Explosion)®] A&3F 514
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Agt=9] Sirjus Passet?] 3} oF 520Ma2] A& 7IA9, T2 Chengjiang
oF 518Ma®E FAEHE Ao 3HA4HA 0]1, Ayttt o] Burgess Shale2 ¢F 505Ma2]
HE 7Tk mEks o] Al A4 0] FE AHAE Fete] HlasteE A4tE R
o7] gAle 7] & FEHXIS ol /\]{POI AvAA], E AHGH o ojug WstE

Eg Men, :

s..__"“ L a_i\._-m S T .
oi/‘\H FA ALY FATEZATL 59 Chengjiang biotadA A&
Hajolr]o] YAl AR =S Fuxianhuia®] ©iul(a)et oA 7f
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A FAATFAE Chengjiang biotad 79 AE1w5<% 53 Xian® Northwest
University ©¥ Chengjiang biotalA &% & AA T EY MATAGo)| 3t A4
FEATE AP Folw(2H 26), Northwest UniversityZ oA %= Sirius Passet 975
LA o g Fgstal v FAATLSY] qATFATE At Atk dow A&
1322 &k WHFE F3te] Sirius Passet?] &3 Chengjiang biota?] && 39
HuATE ¢34 7;1]3‘2]0]1:}‘

T3, Ayt Burgess Shale 97E FEHOZ APsta Y= EEZES Royal
Ontario Museum#t= &% w{FE T3, ©d7] gHE oty FE&To| F7] FHE o}
71ell o]27]74A] oWk WstE AXH STt #F ATE A
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of HAE ool A WA FAHEL Fu Gl ATg Austela st A4F
= ANFEE, f

=2 SEFEY. $HFES =] AAFEE, 22T 77 A3
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EEysitt. 2 Zrolr] 9 panarthropod3tES X gl FH dHolHE o] &3
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_30_

Arthropoda

Kuamaia
Euarthropod _[E Misszhouia
Alalcomenaeus
=~ xl
(BXSER)

Implied last common Leanchoilia

ancestor of Panarthropoda Chengjiangocaris
" Fuxianhuia

Peytoia
Anomalocaris
Hurdia
Opabinia
I

Kerygmachela
Hadranax
'_E J/anshancpod:a

Total -group
Euarthropoda

L— siberion
Onychodictyon ferox (k < 2)
Aysheafa (k < 2)

Tactopoda

. Total-group Tardigrada
§ Tardigrada (%E%%E
<]
£ / i Onychophora
é Anfennacanrhopodia ( (=] = % =0 )
o —{Stacked elements Orstenotubulus
g in sclerites EBS “Collins’ monster” "
> _E Luolishania
© H. hongmeia
2 g g H. fortis
o5 H. sparsa
P 9 Cardiodictyon
g9 — Diania
L2 5 L Xenusion
Microdictyon <
Paucipodia ry '
o Onychodictyon gracilis >

Tubiluchus (Priapulida)

a3 28 AR SEF, qHEER S25E57S = panarthropods®] 7% % (modified
from Smith & Ortega-Hernandez, 2014). Alo 2 7}XREX] ¢t = 82E0 wt 7hda|o}y|
o] o gTt Joldl= FEEY.
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98 % 52
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rlo o

B SAGTaE A, FEHE FAR oFod drnsEd dHE 2Asto
SEMo|v A& & WS 2t drgee] JL43 Jus olsfstaL, of FH do]
HE FrEgolr] 9] dAEdATEEd vado AH8E 5 A H AT (L7 30). 53

Hewe ¥ FEH=(2d 30C, D) 2 st Adz oldHa AFHA 42 velH
ol71ell, R eelr]e] A EAF=ES] TE FHS HluAFE Id, v de 4

T AR olojd Aow AgHt
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VRS pricelist 2016

DKK

[TICKETS

[EURCPE to VRS 20,000.00

VRS to EURCPE 20,000.00

DK to VRS 17.500.00

VRS to DK 17.500.00

SVALBARD (LYR) to VRS 12,500.00

VRS to SVALBARD (LYR) 12,500.00

Forsvaret (adm) 2,000.00

Admittance to the Nationalpark 2,000.00

Change of ticket 500.00
|DAYS AT VRS

Days at VRS 1.,950.00 [kr. pr. day
[CARGO

Air cargo DK - VRS 200.00 |krpr. kilo
Air cargo VRS - DK 20000 |kr. pr. kilo

Air cargo Svalbard (LYR) to VRS 100.00 [kr. Er. kilo.
Air cargo VRS - Svalbard (LYR) 100.00 [kr. pr. kilo
Ship- and air cargo to VRS 125.00 [kr. pr. kilo
JAir- and ship cargo to VRS 125.00 [kr. pr_kilo
Handling 2,000.00

Customs clearance 2,000.00

[Dangerous cargo. 2.000.00

PROJECT CONSUMPTION

Fuel 35.00 |kr. pr. liter
Rubber boat 650.00 |kr_prdag Includes safety equipment
ATY. 650.00 |kr. pr. da Includes safety equipment
Snow mobile 650.00 |kr. pr. d: Includes safety equipment
|Bi&cle 10.00 |kr. pr. dag
Sledge 100.00 [kr. pr.dag |
Ski 50.00 [kr. pr. dag
Laboratory facilities 250.00 |kr. prdag
|USER PAYMENT
[Telephone minutes 10.00 |pr. minute
|Mail kb 015 [ke. pr. Kb
Souvenirs DKK Actual price
[OTHER EXPENSES

Overweight (luggage) 100.00 [kr. pr_kilo

19 38 Villum Research Station®] &3 o] %ol A A &%= Logistics¥# 7}4 %,
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