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Serpentinization condition and tectonic position of ultramafic masses estimated
from rodingite in the southern part of the Kamuikotan tectonic belt, Central
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Abstract

Rodingite is generated as a byproduct of serpentinization. Many rodingites adjacent to the serpentinite body or as a
tectonic block were found in the Kamuikotan Belt, and the tectonic position of the serpentinite body in the Kamuikotan
Belt was examined from the rodingitization conditions of the rodingites in this study. In particular, considering rodingi-
tized serpentinites with different rodingitization conditions from the same ultramafic complex, the wide-range tempera-
ture estimated from the mineral assemblage of rodingite can be considered as a reflection of serpentinization that
occurred under various temperature conditions of the ultramafic rock caused the rodingitization. The Nukabira ultramafic
complex (HL series) in the Kamuikotan belt is adjacent to the east of the Sarukawa ultramafic complex (H series) and
starts at a higher temperature than Sarukawa ultramafic complex. At present, the HL series and the H series are not con-
tinuous in this studied area, but it is possible that the HL series including the Nukabira ultramafic complex originally lie

below the H series represented by the Sarugawa ultramafic complex.
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Fig. 1. Geological outline map for the southern part of central Hokkaido. In reference to Ueda (2006), Katoh and Gouchi
(2008), Ueda and Kawamura (2010), Azuma and Katoh (2012) and Azuma et al.(2014; 2016) . Abbreviations in the open circles
show the ultramafic rock bodies (1: Yubari serpentinite body, 2:Mukawa serpentinite dody, 3:Akaiwa serpentinite body and minor
serpentinite body along Niseu River, 4: Sarugawa complex, 5: Nukabira complex, 6; Westernmost Hidaka serpentinite belt).
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Fig. 2. Photographs (A, B) and microphotographs (C: in cross-polarized, D: in plane-polarized) of low-temperature type
rodingitized serpentinite (SP-1, in this study), reference to Azuma and Katoh (2012). Tectonite of rodingitized serpentinites,
observed a foliation in greenish gray-white part, consisting of rodingite minerals, and dark green part, an asymmetric deformation
textures around porphyroclasts of varying sizes, a serpentinite lens preserved mesh texture, a cataclastic part and chromites (chrome
spinels) (A, B). o-type asymmetric deformation structure consisting of brucite is observed around altered olthopyroxene porphyro-
clast. Schistose structure consisting of brucite and other minerals are also observed. Low-crystallization serpentine veins are lastly
generated to over these(C, D). L-C SP: serpentinite lens preserved mesh texture consisting of lizardite-chrysotile, CT: cataclastic
part, Cr: chromite (chrome spinel), opx: orthopyroxene, Lcs: low-crystalization serpentine (containing deweylite), Br: brucite, Chl:
chlorite, mt: magnetite and ( ): pseudomorph.
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Fig. 3. Photographs (A) and microphotographs (B, D: in cross-polarized, C, E: in plane-polarized) of high-temperature
type rodingitized serpentinite (SP-2, in this study), reference to Azuma et al. (2014). (A) The mineral content and texture of
the protolith are not preserved by high-grade rodingitization and deformation, except for spinel. uvarovite is observed around spinel
and/or replace spinel. Gray-greenish part and white part are formed plastic flow deformation structure and asymmetric composite
planar fabrics. (B, C) An irregular and interpenetrating shaped secondary (metamorphic) clinopyroxene dominates. (D, E) Spinel
derived from serpentinite is a hedral to an unhedral in shape and reddish-brown in color. Garnet (Cr-andradite) is scattered in
granular and irregular shapes. An irregular pool-shaped chlorite is recognized between interpenetrating and micro-fiber-shaped
secondary (metamorphic) clinopyroxene, overall deformation. Cpx: clinopyroxene, Spl: spinel, Chl: chrolite, Grt(Adr): garnet
(andradite), Opq(Ni-Sfd): opaque mineral(nickel-bearing sulphide).
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Table 1. Petrological features of rodingite samples and their classification in this study.
Sample . Original Mineral asseblages degree of . .
previous research references rock body R Relict mineral
name Rock Rodingitization
rodingite vein
MD-N Katoh & Niida(1983) 80606-12e Niikappu MD Di+ Pre>Chl» Wo> Ep Pre>Di 100
80606-12d Niikappu MD Pre» Di >Wo » Gro+Chl+Ep Pre 100
80606-12¢ Niikappu MD Di > Wo+Gro> Pre» Ves+Ep Tre, Pre 100
80606-12b Niikappu MD Di> Pre+Gro>> Wo> Ep(?) Pre 100
80606-12a2 Niikappu MD Pre>Di»Chl+Wo+Gro Chl, Chl+Tre,Tre 100
80606-12al Niikappu MD Chl+Di» Tre+Ep(?)
MG-N Katoh & Niida(1983) 80606-10d Niikappu MG Pre> Wo+Gro+ Di+Chl>Xo Pec 20 Ab>Ho>Chl
80606-10e Niikappu MG Pre>Gro> Di+Chl Chl, Cc 30 Ab>Chl>Ho
80606-10a Niikappu MG Pre+Wo>Di> Xo Pec 100
SL-1 Katoh & Niida(1983) 74923-1 Sarugawa SL Pec> Pre>Gro+Chl 100
SL-2 Katoh & Niida(1983) 74109-6a Sarugawa SL Gro> Di» Chl Chl» Ves+Di 100
74109-6b Sarugawa SL Gro» Di> Chl+Ep(?)+Ves Ves>Gro> Di+Chl 100
Gro > Di» Chl
Ves>Di+Chl
SP-1 Azuma & Katoh(2012) SP1 Nukabira Chl>Di>Uva>Gro Di 100 Liz+Chr
SP-2 Azuma et al. (2014) SP2 Nukabira Di>Chl>Pec, Adr>>Wo 100 (Atg)?

MD: microdiorite; MG:microgabbro; SL:slate; SP:serpentinite.

Gro: hydrogrossular; Di: diopside; Chl: chlorite; Ep: clinozoisite - epidote; Pec: pectolite; Il :ilmenite; Pre:prehnite; Wo: wollastonite; Ves: vesvianite;

Tre: trelllolite; Xo: xonotlite; Cc: calcite; Ab:albite; Ho:hornblende; Liz:lizardite; Chr:chrysotile; Atg: antigorite; Uva:uvarovite

1972 ; %45, 1980]) ; HiZ A, 2014 ; Fig3) HFER I N,
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L L, FROBEBASHENDALAFICEARICET >
FMERCEEERIC K> T Y VA LER 22T TED,
cofiEooy vy ED T AL > T3 (Katoh and
Niida, 1983) . HAEN AL ASRICE AT 210E 4m O
PRSI IR m B CHEMA DAL, DPABAE
hoEy; (BT BaOwAaLe, e DOAEmRzZRC
LTWaH, ZZicayy yaEtididBs s nizu.

WACARA Y VRSOV TIE, BEERT Y Y EDE
EME LT EREAAIRIC X 2 BUKEE L BUKK IS &
EDEBMRDENGTNWC R ENS, HBAERICKS
BT 2T W H RS TR R EANEE T o
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ARG %51 Y HIE, Katoh and Niida (1983) 12 & >
THE SNz, Freteslatk GEFEk &R U HL 2V —
20 1 AT R O O SR RD IS PEH T B,
microdiorite, microgabbro &S & TS FNTFThoay v
& (MD-N, MG-N), Wii)II'EARD AL —FZiiie d
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a+77F /A +aFcE(Ld 5 (Nitch, 1971). HIX
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Abbreviations in the open squares
show the original rock
(MD:microdiorite, MG:microgabbro,
SL:slate and SP:serpentinite)
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FHOPFE 29 (MD: microdiorite,
MG:microgabbro, SL: slate (mudstone) and
SP:serpentinite.). FLEIEXI1, > 7L 441
Tablel Z 24,

Fig. 4. Geological outline map including
the studied rodingite sample locality. Open
squares show the locality of rodingite samples
and abbreviations in the open squares show
the original rock(MD:microdiorite,
MG:microgabbro, SL:slate (mudstone) and
SP:serpentinite). For other legends and
abbreviations, see Figure 1 and Table 1.
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Robinson et al. (1982)
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580°C(2kb)
! Caruso and Chernosky (1982)

' ' 365°C(2kb)
Chr
Chr+Br—OHH20

Robinson et al. (1982)

Chl |l | | | e.g. Inoue (1995)
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Pre | AEEmms EEEEEEEEEEEEEEEE Hinrichsen and Schiirmann (1969), Liou (1971), Inoue (1995)
|| Pre+Chl—>Pum+Qz Pre—~An+Wo Pre—>Ant+Wo
Pum | | Pre—Pum at above 3kb, Pre—Ac+Ep at below 3kb (Nitsh, 1971)
(> 1.5kb)

Tre ] ‘ #I B | Evans(1977):about 350-650°C at 2kb

350-380°C
Di | | Kalinin(1967). Tre—Di at 2kb(Dachs and Metz, 1988)
(0.5kb)

Gro + EEEER h HEIl Perkinson et al. (1977)

HGr ? AEREENER

below 420°C at 2kb (Hsu, 1980)

E am e.g. Beddoe-Stephens (1981) at the minimum, e.g. Liou(1973) at the
P maximam

290°C(2kb) 430°C(2kb)
Xo
To—Xo Xo—Wo

Buckner et al. (1960). reaction Pre—Xo and HGr—Xo (Coleman, 1967)

Wo — Gro+Qz—Wo+An(1kb, 550°C - 2kb, 600°C; Perkins et al, 1977). 0.5kb, 390-

400°C, "Not generated at 350°C in the experiment"(Kalinin, 1967)

300
Pec 0NN R

<0.3kb

Yagi et al.(1968): 300°C, <0.3kb

Ves u * above 420°C at 2kb, above 400°C at 1kb (Ito and Arem, 1970)
HGr+Di—Ves
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V2LV, ChlARef, Pre: 5E S, Pum/ 3> XY —1, Tre: s LETA b, Dis&lifify, Gro/ B 25—, HGrNA Rl oy as
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Fig. 5. Generalized summary of mineral assemblages around the rodingite-serpentinite field. Ol: olivine, Atg: antiorite,
Liz:lizardite, Chr:chrysotile, Chl:chlorite, Pre:prehnite, Pum:pumpellyite, Tre:tremolite, Di:diopside, Gro:grossular,
HGr:hydrogrossular, Ep:epidote, Xo:xonotlite, Wo:wollastonite, Pec:pectolite, Ves:vesuvianite, An:anorthite, Br:brucite,

To:tobermorite, Tlc:talc.

Z1X, Tto and Arem, 1970 ; Harker and Tuttle, 1956 7% ¥) T
bW, V) ETAORBIKKIETIE, 2kb-430°CT
B-CaSiO, M4 L (Buckner et al., 1960), & NAEEKEG T
HBHAHEEDRBEINT VS, Fifk e FIROD MG
IZ&K D, 400~450°CREE TR E N D ATREME R ENT
W% (Malvoisin et al., 2012). XA THIZDWT & [AIFED
iR (FB8F3542 400 ~ 600°C) ZefF FTOERN RS 5
NTHL, BLZ 400CKHKBETEBEEA+T/ Oy a
F—, BEZ 600CK O @EHTIEERA+AYTA M+E
VFEITAMDOEENTIEENT NS (Bl A IE Ito and
Arem,1970 ; 1EE8, 197172 8).

INHZEZET S L, SERHVWET YV EDA IR
Eid, BBORRXOESICHET SN TES (SP-1 -
SP-2 I DWTIX, H-hgE (2012) -FiEAH (2014) kD).
MD-N ¥ X F MG-N (G 7 I # & & . microdiorite ~
microgabbro J§) ; 400~600°C+, SL-1 (D)1 1A : d 4y
GO FRICHET 3 IEEEDOJEATR) ;250 ~ 300°C, SL-2 (7%
WA D ieCE O MRICHE T 5 a1EKkary T Ly 7 X

DEE UTzea15) 5 400°C+ (LRRIE 600°C), SP-1 ChiF
ARV E A =70V 2 A )VIERCETR) 5 300°CLLT,
SP-2 (BFEfR: 7 > Fd5 A4 MIEEUATR?) 5 400 ~
600°C+.

HELEFRBOBEHESHEEO
TI b=y U IEER

CCT, MELEERRETSOEGHRESATHS, P
NIEAKEREEER (SR aik) o727 b =v 7%k
Y EDERGE D 5E X THIZ.

PIE R &SR, hE SRS Ok Z Bk
TEELTWSD, (MEEENT 2T 7 F=y o7ty
TAYT, WO BNPIARG B A BEND S,
Z &, Peacock and Wang (1999) I & % H{ED K IL H AN
DIREHEZSEICT B &, HTEROEREDIERCE
oY va (SP-2) &, WHAR LD DERMELL T
ThHNE, SRR OASEIHRT Y VA (SP-1)
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Nukabira complex
1 [sp-1
I sr-2

Sarugawa complex
[]SL-1

2004 s

Based on Fig.2A of Peacock and Wang (1999)

6. FEAEMERREOY VEEDRIIEEOTV EDHERIRIBEDHEE. Peacock and Wang (1999) Fig. 2A%Z 7T LC4 0]

DT — 2% N

Fig. 6. Estimated condition of rodingitized serpentinite in the Nukabira complex and rodingite in the Sarugawa complex.
Based on and modified after Fig. 2A of Peacock and Wang (1999) with the data of this study.

KODEHATERTEEEZENS (Figs).

SEOWHRNIEROIRE S (F3C T slate &—4%) i
OOy VEIIDWTIE, SL-1 & Eocene DWi/IIE (B
BWVIEIRFEERE Turonian DS 2 & HIEE, 2018) AMlEAL
BERMNT LZO LRIITT 7 b= IS 5507,
SL-2 (&3S Y07 | S A D FARHI T Early-Cretaceous {4
(BEkary T Ly 7 R) OEF Ulleabiests e (7
7 b= JICHEMT 200 THS. Thb 2 DD
R D75 5 B thrh %, 1) D & $RE S A DY 5
TBEMT, RELERD ETL, 77 b=y Fay
27 FORBEOOY VEEHNR 2Tz EZ SN S.
MIMRICIR AT B HE SO LAMETOD, XX
IRIRESRIE TR C > T RCE L ER ORI TH 5 L& X
% &, SL-1 & SL-2 DIEAR, AzEET % EXD
HHTHoleThHAH L E2DIRBAERD, FiEkarys
Ly 7 ZADEEICHIRRENGWIREETORY VA
ftzd7zb L, ERLTERBICW T EDRRIEE
n, YN RORETRY Vi ke b Lz e
EZAbN5.

2HRE LT, BAIOTY VEIEHTREAE AR X U
ik (HL ) —=2) B, Willlatk (H 2V —X) &0
iR MREARZEET S & X DG TR o7z #E
AbNd. $hbb, HFaEk HL 2 U—X) il
Ak H U—X) &, BHEWERBFRICH > TERL T
WEW ik - 1, 1986) A, B EiE H U —ZXDF

filc HL ) —ZXDMRIET B —#D Y £ v I Y LW
ZTNZENWRAE LT, W)IVAHE LR ~Fre S RIc 7z -
T EBZTHERZEV. HL ) =3 X DR (~1k
ARFENED ICHoTzzd, RygIOBY VALK D &
RTEZORTL, POERZEOERBD FHODT
7 b FA MEDERDRT Mo T, BB, FEROIERE
LEDASAERDANZETL —HICE EED, KL
BIEFRHIE B X Z 40°COKiR L T2 % (O Hanley,
1996) 7z8, HRHIC B 3 S LIERCES> Y Y
ENEZEERT 5.

2 (ER) LSHRDEE

;!!.!I

BTG EEIC K ZIERCELER DRI RE !

JRIF B 75 BARIC & B WERCA L EFH O RTRETEIC DWW T,
MR R -« =2 ) ITRW O/NRBIESCS RIS TIehts
IR eaaNiE TN TS, MAHED (2018)-
Okamura etal. (2018) T, YV HL LB AFDH
P 7% EIC NS PET 2 iRk ORRIE A SIS DV T,
BAGICE 3 BUKEE A TGS IEER T LikiTEA
ALERAEEIC (8 LIRS K2 b, ZofR
REEREE X A b W KERICH R U TR HREEREED 5 75 %
BPARROHZRET 2 EEZ RLTWS. —/T, I
FiEH (2018) » Okamuraetal. (2018) &, [ElHiiEi T, o
Vb EhRb NI microdiorite & ild B EAHE D &
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11
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lizardite-chrysotile serpentinite

reaction
by serpenti-

- antigorite serpentinite

nization

peridotite

K7. R L EREEESEEDT I N vV EMBOEER. HDO7 IV T 7y MG RV V4 7%ERT (Figd,

Table 172 2HR).

Fig. 7. Schematic chart of tectonic position for ultramafic masses in southern part of the Kamuikotan Belt. Abbreviations in
the open squares show the sample name in this study (see Fig.4 and Table 1).

Wi OERUSRFEREO S EME L TEBD, Inbid,
microdiorite ?3VE A L7z & &, WHEEAEMFIERTLTE
D, BAKK2EHAENRES T, A ORIEA AL
WS TCATREM 2R L T 5.

R i R N 7 = = Nyl = S = I T RAN
microdiorire 7% EDE AENRMEZ SBHENTEHD, IE
weaklion Y VEDRBGERE A L1, RFTEJRIC &
FELEDS, TS LT RERDS.
tERE{LER DREEH :

B AR Tl IR BCE IR 1 2 2 a O 4 R E
(400~600°C) MBAT, ZDFMICH > o tDIERA I,
T YFATA MERUE D ZESRME (e & 21, Evans,
2004; Bromiley and Pawley, 2003 7% &) I > EZ 5
ns.

WPEEREELE LTUYLEA =TV ZA1)VIERK
EWBIRBM, TUFATA MESUE N —EFET B L
DIENH % (ik, 2018). mEiEAIERCETRD Y VA,
GRAERCEIR O Y VA Ay ¥ a iz R UYL A
A b =7V R A)VIERGE DHBIEFE L T0BHD &

iz, ThoOffk>IHmEEEd sy, 7Fd
TA MERCEE, 7 UF AT A MR O KR RS
(Maltman, 1978 ; O' Hanley, 1996) A%, 45 [E & b H i Tz
IR RCEIR T S 5, 2R DR O AR
DL ->TW5 (KIEhH, 2014 ; FigdB, C). Fi, ik

DIRREDIAFT B R—T VSR, 77 hFA
FICHES % (Fig3D,E). Lh-> T, EiRAiesrs
FaYYER, 7YFIATA MERGED, 400~600°CDSE
R TT 7 b=y VRERIERZZ DD, udviElt
TEHRZSD, o Kz RG e UTikL, ZHim
B ICERE NI AREEDEZ BN 5.

—75, [AGEAROKRESCAIR T 2 VA, HXIC
iR BO0°CLLR) THEMRLTED, VPILEAL =21
VRAIERCEDFIRT, 7oFI54 MERD LN
Wiz, ZD XI55 TF TR ELERBRUTRY Y
FEERZS o To. RS S TEARD LR L TH S
MERCEIETEH - Y VEIERZS > TeDTH A S . T
FCATEAER O FRRIZH 40°CEEZ 5N T3 (O Hanley,
1996). HEFAKIEMNAD ARG IEREL TWB DT
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COMMELLNIC A>T, BEEILEFRMEILLST %X T,
MERCALE BT LT2IZ S TH 5.
ERELEREOY VELEROKREREDFE :

WIS ARORE SRR Y s (SL-2) &, fHic
R BN EARDEEICHET 2T 7 b =w7ary Ry
FOER Lizles Cailkary T Ly 7 ) ZFE LT 5.
ZTOEIER, FHCANATHOFENDS 400°CLL e &
A5N%. TOXDZIRMERMDO N THAS AEDIER
HILERZR T &, UPILE A F—=T VY ZA)ViE
AT AL, 7YFATA MERENERENS 3T
THs. LhL, WiRIEERTIE, VPILELS =21
VEANWVIERETHD, 72FIA54 MERA DRI
HMHNTWiEW. 345bb, WECELERZSE - T2
Sty VEMERZS S ILRERMFMICDOVT, By
VEDEBIRENENE WS FENDS.

THOT LDV TE, PiEERIC K BRI NS,
microdiorite ~ microgabbo D E AERD K 2 7= R AT 7R 2L
JFaBEZ B LEARETH AN, SL2 IEZDXK I EKHE
BB e n T L ORMRTE RV, £, —imicig,
SR E A ARORCEL/EIZ, M2z 59 SR
EROMETEC 5. EORWEFERANYRDT57%E
L T2 T 2 Wieks kPR (deserpentinization) 3588 5
nzv.

L TAT, A ERBBUKRRRIGTH 5. BIAIE,
IERCE LIRS X B ik — S A DG

2Mg,Si0, + 3H,0 = Mg,Si,0,(OH), + Mg(OH),

Foresterite water Serpentine Brucite

3, WK FE K IS T H % (MacDonald and Fyfe, 1985 ;
Peacock, 1987 ; Fyfe, 1990 ; Bach et al., 2002 ; Lowell &
Rona, 2002 ; Friih-Green et al., 2003 ; Evans, 2008 7% ¥). %
DFERER, ECALERN—ERE 2 L, TDEND
PRE < TR IERCEEMER Z ikl & B 5 7edIic e 7x
TRz LK SNBERT oy Ibhd 5 (Tl ZIE
Lowell and Rona, 2002 ; Emmanuel and Berkowitz, 2006 7%
8). KN X BFHARICOVTIE, P-T EMERKIGEDIT
LIRBYMEORTETHREZRZEDD, MHELIEHTK
5 L CTHEBET N SR lmol & 7z O # 82kJ
(MacDonald and Fyfe, 1985) ~ 83kJ (300 K + 10~200
MPa ; Vance et al, 2007), i A% 757K 1mol B 7z O
35kJ &% (Evans, 2008), 150°C-20MPa THhADASE
7K (starting materials of reaction) 1kg & 7z © 200KJ F& &
(Fig.6 of Brunet, 2019) 7x &, 9 28 &@mid &<, &<
I RPEVEHRIBARD “Lost City” DOBUKRDEEREICIH VT
&, WRCEALERIC K > T EN B RAD A2 AR E L
T, BUKEERIEE ZHE S TVE T LERMENTY

% (Jz & 21X, Kelleyetal, 2001, 2005 ; Lowell and Rona,
2002 ; Friith-Green et al., 2003 ; Emmanuel and Berkowitz,
2006 ; Kelly and Shank, 2010 ; Titarenko and McCaig, 2016
%E).

MRS K BIREEICINA T, MeRCaE/FRIC X %5
Bz RIS TRIKDINEADEE C > T, teseab/EH
KXo THRAET Z0 Y EEERZ & ¥ % Ca TR{FEA
KE, MERELERIC K> TR EN B S K- T,
BHENBTHA5.

&S, YmNrakIickiERm (727 b=y 7arx
78 IR REAEDYVE SL-2) 2EX5E, VY
IWWEA T =20 2 A JVERCEZ T BIRESM T (7:
& AU, 200~300°C) THERCA(LANEET D, Ca HEUKIC
B E DD, IeRCEE/EIC &K o TR E N5 7% 24
JRICHERCE L BHEF, Z DRER Ca IEFEUKAY 400°CHE
JELL BB ENE EWS AIREMEIZ ES A 5. Ly
L, TOHAE, Vot AERLIZYYILEA F—o VY
ZANIERUE DTIERCAEE/EIC KD, 72 FI5A b
ICEBIENETHAS.

ZTITEZADBNDDIE, 77wy r7aryxy Mdk
J@CTHZDT, 7FITA MEFRMD L ZIERL
rEaYyERD, RGEEBERIC EF L LW S TREMET
»5 (Fig.7).

TEH

1. aYVEOHMHAEDLELLHE T NSIREL,
Zzou YV ELFRZR S ¥ s A0 E %
TERREEMN TR - IS EEH O R T H
B ERLUTE.

2. Wretiesra A K OHHESEE AR (HL &) —X)
&, RN EBEERE AR (H > ) —2) &b s (F
AR ZEET % & X OER) TRAOBY V5
kit L.

3. WAL RS S ZIREX D, ZRICkET S
Oy yEOUY Y EEHOKR T 5 FREDIE 5 M
BVWHBEIZDOWTWE, 77 b= 7arv a7 TH
ZWiENHBH LT & THPENTRETH . Th
i, H Y U—XDOFHIC HL Y —ZXPMRIEL T
FRTHEME & G LR,

BE SIHLUEUROMERED S B, & IHfE
W O A, EHEH LIRS Z 3N Cakam L C
Wl E, Mt E B Y - S A s & O BRZE RS
TRHTCVWREWTWS., CTICRRLTHERET .
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