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[lpupoagHbIN AOMEHHBLIM NpoLecc

OueHb cBOeObpa3Hbl MUHEpPAribHble aHCaMObIN, KOTOPblE BO3HUKAIOT Mpu
B3anmMmodencTemn 6a3nToBbIX pacnfiaBoB C BMELLAKOLLEN CPeaon YIbTpa
BOCCTAHOBJIEHHOIoO cocTtaBa — C YrnsiMmu, roptoumMmMmn crniaHuamm. Ha
KOHTaKTax Ten rabbpo-goneputos, 4onepmuTtoB 1 6aszanbToB C YrofbHbIMU
nractamu nocrieHue npespaLlleHbl B KOKC, Aanee B rpadouT u
rpapuTn3npoBaHHble Nopoabl. TakoBbl MHOMOYUCIIEHHbIE MECTOPOXKAEHNS
rpacputa no pekam Kypemnkam Ha 3anage BoctouHo-Cunbupckon
nnatopmebl. Boligenueluascsa npu rpautrusaunnm orpoMHas Mmacca roproumnx
rasos (H,, CH,, CO, H,S..) — oo n1000 m3/T yrns pacceuaeTcs.

NHas kapTuHa B criydae 3axBaTa KCEHOSNUTOB YITIEN, YIMUCTbIX NOPO4 UNU
roproumnx crnaHues. B aTux cnyyasax yrnbTpa BOCCTaHOBIEHHbIE NOPOAb!
BMECTE C NPoAyKTamMu Ux TepManbHOro Metamopdunama KarcroiMpoBaHbl;
roprodmne rasbl, KOKC U rpadouT akTMBHO B3aMMOLENCTBYIOT C 6a3nTOBbIMU
pacnnaBamMn 1 NpoaykraMmu nx Kpuctannmsauum, — npoxoanT NpupoaHbIn
MeTannypruyeckn (QOMeHHbIN) NpoLecc , BO3HMKaeT CaMOpPOLHOE Xere30
(pasmep ero CKOnfIeHUM — caMopoaKkoB oo 25 T n bonee), kapbua xenesa —
koreHnT Fe;C, okeua xxenesa — Bioctut FeO, pocdmg xenesa —
Wwpenbep3nt Fe;P, BbICOKOXeNe3ncTblie ONIMBUH N NUPOKCEHbI, Cynbduna
xenesa — Tponnut FeS, camopoaHast meab. Takne obpasoBaHUsi U3BECTHbI
B TpannoBbix doopmauusax CesepHon ATnaHTukn n BoctouHon Cubupun.
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[lppodHbIN AOMEHHBLIN NMPOoLUECcC. XYHITYKYK
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[lpupodHbIM OOMEHHBLIN NPOoLEecC. XYHITYKYK

70 Kr SRR

BkpanneHHoCTb
CaMOpOHOro xenesa,
BMSOTb 4O CMOLUHbIX CKOMMEeHUN

15x12 cm - CaMOpPOKOB



[lppodHbIN AOMEHHBLIN NMPOoLUECcC. XYHITYKYK

BkpanneHHOCTb
CaMOpPOLHOro xenesa,
BMNSOTb 1O CMNSIOLUHbIX CKOMSEHUN

- CaMOpPOKOB



NMpoaykTbl B3anmogencTtBua 6asarbTOBOM Marmbl
TpannoBon cdopmauuum C BeLLeCTBOM
KCeHOJIUTOB YINeu M yrnepogmctbiX nopop — NpoAyKTbl «padoTbI»
ropro4mx rasoB

n2i05 1000pm

CamopoaHoe Xesne30, KaMaCcUT, KOreHUT, BIOCTUT, MarHeTUT, FePLUUHMUT,
cdaanut - chepporopToHONUT, hepponnXKOHUT, heppoaBruT- regeHoepruT,
deppocnnuT, aHOPTUT, CAHUAWUH, YINIbBOLWNWHENb, UNIbMEHUT 6e3 Fe’*



[lppodHbIN AOMEHHBLIN NMPOoLUECcC. XYHITYKYK

BbinnaBneHHoe camMopodHoe Xere3o (+ KOreHuT)
OKPY>XEeHO BIOCTUTOM (+ KOreHuUT) 1 ganee
MarHeTUTOM (+ KOreHUT) £ TPOUIUT.

CamMopoHoe Xenes3o HenpornopLumnmoHanbHO
(OTHOCMTENBHO MaTEPUHCKUX NHTPY3UBHbIX rabopo-
noneputoB) oboraweHo Ni, Co, Cu, Pd, Pt, Au.

ITO «paboTa» KapOOHUIBbHbBIX KOMIMSIEKCOB TUNA
Ni(CO)g, Pd(CO),...unu

dynnepugos Tuna Cg,Pt, CgoPd, CgoPd, ,, vnn
aHgomMmeTannogynnepeHoB tuna CgoH;PdC-H;,
P1(CO)5Cgo(H,ClLF)s,...

OcTtaTku = «006beakn» oT MUHepanoB rabobpo-
NONEPUTOB — LUNUHENDb U repunnHunT, K aHopTuT,
CaHWAWH.



[lppodHbIN AOMEHHBLIN NMPOoLUECcC. XYHITYKYK

CnpaBa HarneBo — KOJSIOHKa 3aMeLLEHUS:
cnpaBa — xeneso (benoe), ganee y3kas
30Ha XXene3o+MarHeTUT+KOreHur,
aanee wmpokasi 30Ha TPOUNUT+MarHeTuT,
3aTeM MarHeTUT+BIOCTUT+aannT+
cynbuabl,
cneBa BBepXy — rabbpo-gonepuTsl

CBepxy BHUS:
9BTEKTUKA XeJlie30 — KOreHWUT,
9BTEKTUKA MArHETUT — KOreHUT,
arperat TpounuTa (po) u
daanuta (cepbin)

doTorpaduun B OTpaKEHHOM CBETE



B

I'Ipvlpo,u,Hblvl ,EI,OMeHHbII/I npouecc. XyHFTyKyK

3OHaJ'IbeIe KpucTannbl
MarHeTuTa — MmarHesmomMmarHeTumTa
N pacLLennéHHbIN MarHeTuT
B CAaMOPOHOM >Kenese

doTorpadpumn B OTpak€EHHOM CBETE



XYHITYKYK

A4

n _,D,MeHHbII/I rnpouecc.

doTorpacdhnm B OTPaXEHHOM CBETE
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[pnpoaHbIn .EI.OMeHHbII/I I'IpOl-'.eCC XyHrTyKyK-

PacLuenneHHbIn KpucTtans
rpadouTa Ha KOHTaKTe
Xenesa n aBrurta

[TnactuHbl kamacuta (Fe,Ni) Ha
KOHTaKTe >Kefie3a N 3BTEKTUK
Xernes3o — KOreHwur,
MarHETUT — KOFEHUT U
MarHeTUT - TPOUINT

doTorpadunun B OTpaXXEHHOM CBETE



I'Ipvlpo,u,Hblvl ,EI,OMeHHbII/I rlpou,ecc XyHFTyKyK

| T1F'—| Ir ||4|| lllllllJ.I“

MeTtann «HacTtynaet»

CAmScan MIY

Keneso n kamacut (benble), BIOCTUT (CB.-Cepbin),
MarHeTuT (cepbin). Bce ¢ TOHKMMUK BpOCTKamMu KOreHuTa

doTorpapmn B OTPAKEHHLIX JSIEKTPOHAX



MeHHbII/I _Mpouecc. XyHFTyKyK
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[leTanun KoHTaKTa

Xeneso (benoe), BIOCTUT (CB.-Cepbii),

PacnnaB Hactynaet MarHeTuT (cepbii), PasnuUT, aHOPTUT, CaHNOMH

doTorpadnn B OTPaXKEHHbLIX 3SIEKTPOHaX



I'IpvlponguA ,EI,OMeHHbII/I npouecc. XYHITYKYK

CAmScan J"Ir-r 02106 SONPM —

CamScan MY 02136 1 |:| I:' Opm
Kamacut (6enbin), BOCTUT (CBETNO-CEpPbIN) C MAacCOM TOHKNX BPOCTKOB U

MNPOXWUIKOBUAHLIX BblAeNeHNN KoreHnTta n marHetuta (cepole), Ca dpaanut
(TEMHO-cepbIn), Ti repunHUT (YEPHbBIN).

doTorpadpmn B OTPaAKEHHbLIX INIEKTPOHAX



[lppodHbIN AOMEHHBLIN NMPOoLUECcC. XYHITYKYK

CamopogHoe xerneso Fe 96-99% (96.8), Ni 0.2-2.7% (1.8),
Co ..-0.2% (0.1), Cu 0.3-1.4% (0.6%)
Kamacut (n=17) Fe 90-93% (91.8), Ni 3.9-6.6% (5.7),
Co 0.9-1.5% (1.2), Cu 0.5-1.2% (0.9)

Ca casanut Feg0.5-94.0 (92.1) M3 4.5 (3.7) Cazs.49 (4.2)
Ca epporopTOHONUT Feyg g g5 5 (85.8) MI7.6.18.8 (12.2) CA1.3.3.5 (2.0)

DepponKOHUT  Fe,q 4.56.4 (52.0) MI31.7.43.5 (38.6) C36.5-11.9 (9.4)

deppoasruT F€30.6-42.0 38.0) MJ13.5:25.2 (17.4) Cags2.45.0 (44.6)
FeneHGeprut Fes, s Mg, o Cagee
AHOpPTUT Cay00-92 (96) NAo.7 (3) Ko-1 (1)

Knabpagop Cag;, Nas;, Kg

CaHuanH Ca, Nas Koz
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[MpupogHbIM AOMeHHLIN npouecc. [ducko

3anagHas [pennaHgua. OctpoB [Aucko. TpeTuyHble nnatobasanbThl
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D sediments
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B socimant contaminated lavas

BT imrusive comploxes and dykes
Eruption centres

DISKO:

Ha YrnMeHOCHOW TOorille, NepekpbiBaowen MeTaMmopduTbl

/f
e T N
1 ‘Godhavn 1]
‘6. 1. Simplified map of Disko shewing the extension of the Kitdlit dyke and other subvolcanic intrusions related
o the Niaqissat member volcani ow shows the location of the Kitdlit lens. Contaminated lava sequences

Niaghissat and Nordfjord membei 1e the youngest lavas on Disko and oceur only in the westernmost part

if the island and on some of the high ks. Quaternary cover is omitted for clarity. Data from Escher (1970),

Yedersen (1975, 1977a), UlT-Meller (1977, 1979), Pe & UIf-Maller (1980} and C. A. Goodrich (personal
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FiG. 2. Vertical section through the Kitdlit lens, showing its division into a lower, metallic half and an upper
sulphide-rich half. The two halves represent immiscible metal and sulphide liquids (at 1200 °C), solidified largely
from below under extreme residual liquid evolution. The sketch was compiled from several slabs of slightly variable
orientation by R. Larsen. The lower half resembles ‘white’ cast iron (WCI) and consists of iron dendrites in a eutectic
matrix of iron and cohenite with interstitial troilite, wiistite and schreibersite. The upper half (UH) consists of (a)
columnar iron-cohenite eutectic dendrites (see Fig. 5), (b) the dendrite zone (DZ) characterized by platy to branched
iron dendrites with cohenite core in a matrix of troilite and wiistite, (c) the troilite-rich zone (TZ) of tabular troilite
crystals with numerous poikilitic inclusions (a single crystal is emphasized by dense dotting), (d) the marginal zone
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[TpupogHbLIN AOMEHHbLIN npouecc. [ucko

PaccroeHHoe
KannesugHoe
CKornsieHne npoayKkTos
KpucTtanninsaymm
cynbuaHo-
kKapbugHo-
OKCUOHO-
MeTannm4yecKkoro
pacnnasa
B gosfiepurtax
nankn Knotnur.

B HWXHen yactu —
OEeHOPUTBI Xene3a B
9BTEKTUKE XKeNe3o —

KOreHUT+...
B BepxHen yactn —
npeobnagaet
TpoUnNUT



metal liquid

——— | Platy and rod-like iron dendrites
"{"'pt with major wiistite grains

"8 | Oxysulphide liquid

ﬂ Iron - cohenite 'eutectic’dendrite
with iron coating

Metal liquid in UH
Sulphide liquid in WCI

Iron — cohenite eutectic with
sulphide and oxide inclusions

Troilite | dendrite
Troilite 1 and Il

Cxema Kpuctannusauum

CJ10XKHOTIO pacrijyiaBa Ha OCHOBE KeJle3a

Fic. 5. Vertical section through the dendrite zone (DZ) and the lower part of a columnar iron rcohcpilc cutect

dendrite of iron-coated cohenite laths with interstitial troilite and wiistite. The iron mantle and celllular iron-troili

ntergrowth formed early during solidification of TZ. Skelch composed fron} several sections. White laths: coheni!
white: iron; light dotting: troilite; dense dotting: wiistite pseudomorphs.

[leTanb CTpoeHus



[lpupoaHbIN OOMeHHbIM npouecc. ucko

CocTtaBbl cyfibuaHoro u
MeTansIM4ecKoro pacrsiaBoB

MuHepanbHbIM cocTaB
nonMMnHeparibHon Ha OCHOBE XeJiesa
NUH3bI B ganike goneputos Knatnur

! 2 3 4

Blebs UH Wl Uivfag
Fe 6367 709 023 9161
Co 0-46 (28 0:50 n.a.
Ni 386 1-83 205 1-81
Cu 1:02 030 08 n.a.
C n.a. 032 32 362
Q L. 1-45 051 097
Si n.a. 003 < (01 n.a.
P < (03 001 016 n.a.
5 3076 24:7 1-21 1-09
Total 9977 99-82 100-01 99:10

Trace elements in p.p.m. (optical emission spectrography, H.
Bollingberg).

S < 10 1.8,

Ti 430

v 135 15

Cr 730 1950

Mn 340

Co 2700

Cu 2900

Zr 300

(1) Sulphide blebs with iron in glass chill (Pedersen, 1979, mean of 3
microprobe analyses). (2) Upper half (UH) of the lens (estimated [rom
the mode and microprobe analyses of the phases). (3) Lower half (WCI)
of the lens (estimated from the mode and microprobe analyses of the
phases). (4) Mean composition of the 25 tons iron boulder from
Uivfaq (Lofquist & Benedicks, 1941, mean of 5 analyses with exception
ol O where the two surface samples were omitted).

1 2 3 o 3 i]
Iron 474 166 304 9-8 81 -
Cohenite 437 29-2 55 : — —
Dendritic troilite - : 67 10-5 741 )_ 7
Eutectic troilite = b } 3.0 39:5 736 774
Pentlandite 06 50 54 5:6 11
Wiistite 2-8 - 12:9 05 1:5 9
Schreibersite 02 52-2 — - -
Chalcopyrite Ir. - tr. ir. 6
Fayalite (?) — - 005 (12 )
Euhedral chromite tr. — (003 0-025 0014 0-04
Silicate glass r, 005 (16 007 i
Lead mineral aggregates Ir, - . 0003 (-015 005
Fractures® 1-2 — 2:8 4-9 4-8 4:6

Modes estimated by point counting (except no, 2). For accessory phases up 1o 6 10°

points were counted with a 10 x 10 grid ocular. No. 2 was estimated by cutting and weighing
an enlarged microphotograph. All values are rounded off to the significant figure predicted by
counting statistics.

Pentlandite formed by weathering (except no. 6). The other phases are primary or
isochemical transformation products after primary phases. Cohenite was subjected to minor
subsolidus growth on account of iromn.

a: Not included in the totals. The other values were recalculated to 100 per cent.

tr: Lrace

(1) Mean composition of WCI (including 0-7 per cent basall inclusions and ('8 per cent
heazlewoodite). (2) Mean composition of ‘steadite’—i.e. phosphide eutectic in WCL (3) Mean
composition of DZ. (4) Lower part of the troilite-rich zone (LTZ). (5) Upper part of the
troilite-rich zone (UTZ). (6) Mean composition of MZ (pentlandite is mainly ‘primary’, but a
minor part was formed by subsolidus exsolution from troilite).




[lpupoaHbIN OOMeHHbIM npouecc. ucko

Composition of non-oxidic phases in the upper half of the lens (UH)

J 2 3 4 3 & 7 & 9 10 1 Iz
Fe 91-17 90136 90" 91:54 84:51 5741 63:82 63-28 6329 3185 3536 3415
Co 076 047 076 1:04 1:11 1:06 010 013 11 003 1-:29 (32
Ni 637 1-34 2-34 587 11-73 ER 013 0:42 13 003 2904 2181
Cu 023 002 003 019 077 163 005 0-17 11 33-34 017 10:85
Cr n., n.a. 001 (01 001 T 001 001 001 na. n.4. n.a.
5i 00 (-0 0-06 001 0-09 001 n.a. n.a, n.a. n.a. n.a. 00
P 10 002 002 14 0006 003 n.a. n., n.a. n.a n.a. 001
5 0:02 0-p2 01 10 0-31 040 3605 3559 35-59 34:45 3299 32:21
C o7 67" &7 e T ? — — — — — —
Total 99.33 9894 949-89 G889 98:52 9745 10015 4959 99:23 99-86 99:05 499:34

Wavelength dispersive microprobe analyses. Matrix correction as-outlined by Pedersen et al. (1975).

a: the quoted values were incorporated in the matrix correction.

(1) Pearliticiron from the upper part of DZ (GGU 176064-51).(2) Cohenite from the central part of DZ(GGU 176064-51, mean af
3 analyses), (3) Cohenite from a troilite-iron-cohenile globule at the DZ/TZ boundary (Plate 1, fig, F, GGU 176064-30a). (4) Core of
an iron grain [rom the lowermost part of TZ (GG U 176064-30a). (5) Rim of aniron grain from the upper partof TZ (GGU 176064-40).
(6) Rim of aniron grain on the boundary between TZ and MZ (GGU 176064-30b), (7) Eutectic troilite rom LTZ (GGU 176064-30a).
(8) Denglritic troilite from LTZ (GG 176064-42). (9) Eulectic troilite adjacent to *8' (GG U 176064-42). (10} Chalcopyrite intergrown
wilh wilstite, LTZ (GGU 176064-43). (11) Pentlandite replacing troilite, UTZ (GGU 176064-40), (12) Cuprian pentlandite, MZ
(GGU 1T6064-30b).

Composition of phases in the lower half of the lens (WCI)

XUMUYECKUN COCTaB
MWUHeparos, cnararLmx
cynbuaHo-.....-
MeTannnyeckme

CKOorJjieHnd B goneputax

Chemical compesition (wt. per cent) of chromite and wistite

1 2 3 4 5 6
TiO, 260 1:89 524 9:59 < 001 <00
AlLO, 001 0:01 011 026 < 001 <001
v,0, 719 420 432 377 < 001 <001
Cra0; 5571 44-73 3320 3538 < 001 154
Fe,O," 0:40 15:61 2093 1138 — .
FeO 3397 3340 3653 40-81 95-19 94-69
MO 029 < 001 <001 0-02 005 0-02
ZnQ 018 021 0-18 027 na. n.d.
Total 10035 100-05 10051 101-48 9524 96:25

Wavelength dispersive microprobe analysis. Matrix correction as outlined by
Pedersen et al. (1975).

cations/anions

! 2 3 4 5 e 7 8 9 10 & 12
Fe 95-84 96-31 9521 9123 91-84 9387 91-86 7802 g0:31 63-80 33-88 12:82
Co 047 061 66 0-34 0:51 073 0-30 086 0-58 0-04 003 235
Ni 208 291 374 074 073 308 0-84 528 506 005 32-80 5739
Cu 017 013 027 = (.02 < (101 (+35 < (1 13 0-19 002 045 35
Cr n.a. M. n.a. AL, 004 =< 001 004 <001 n.a. na. n.a, ..
S < (01 < 001 =< (01 =< 001 003 005 < 001 003 <001 =001 n.g, (HD8
P 0-14 18 022 001 < (006 0:27 0:02 15:51 812 <001 M8, H6s
8 < 0402 <02 <002 < 002 002 0-04 001 0:23 025 36-59 32-87 21793
[ 7 07 0-7 67 67 2 (7 ? 24 — —
Total -4t} 104)-5#4 10081 9902 09-87 9839 99:97 100-06 9782 10052 100:00 101:57

Wavelength dispersive microprobe analyses, Matrix correction as outlined by Pedersen ef al. (1973),

a: € was not determined. The quoted values for nos, 5 and 7 were incorporated in the matrix correction.

(1) Core of Jarge iron grain (GGU 175036-01). (2) Rim of large iron grain (GGU 175036-01). (3) Iron m coarse iron-cohenile
eutectic (GG U 175036-02), {4) Cohenite in eutectic intergrowth with iron (GGU 175036-02). (5) Cohenite from the uppermost part of
WCI(GGU 176064-30). (6) Iron included with schreibersite in cohenite (GGU 176064-30). (7) Cohenite in cutectic intergrowth with
sehreibersite, iron and minor Lroilite, 1.e. steadite (GGU 176064-30). (8) Schreibersite in steadite (GGU 176064-30), 19) Steadiie,
C-value [rom Fe-C-P ternary eutectic, Vogel, 1929(GGU 175036-02, mean of 5 analyses). (10) Troilite, exselutions avoided (GG U
175036-02, mean of 6 analyses). {11) Pentlandite replacing troilite (GG U 1 76064-30). (12) Heazlewoodite replacing pentlandite, 51 and
P due {0 beam overlap with [racture filling phases (GGU 175036-04).

Cations" ! 2 3 4 3 4]

Ti 0579 0-426 1179 2125

Al 0003 0004 0:039 0:090

y? 1:707 1:010 1-036 0-891

Cr 13:042 10609 7854 §244 0817 0845
© Fe? 0089 3524 4713 252

Fe? 8412 8380 9139 10:058

Mg 0-128 = = 0:009

Zn 0:039 0-047 0040 0:059

a: Nos. 1-4: Fe,05 and formula calculated under assumption of stoichiometry (based
on 32 oxygens). Nos. 3 and 6: all Fe as FeO, oxygen by difference in formula.

(1) Chromite from DZ (GGU 176064-51). (2) Chromite from LTZ (GGU 176064-42).
(3) Chromite from UTZ (GGU 176064-41). (4) Chromite near TZ/MZ boundary (GGU
176064-40). (5) ‘Wiistite' from UTZ (GGU 176064-40). {6) Chromian ‘wiistite’ from UTZ
(GGU 176064-40).



[lpupoaHbIN OOMeHHbIM npouecc. ucko

CamopogHoe Xernes3o Coaep>XUT 3aMETHbIE KONMUYECTBA HUKENS,
kobanbTa, megn. Ectb n kamacut ¢ 6.5% Ni, u TeHuT ¢ 37% Ni.

Korenut Fe,C coaepXuT 3ameTHble KONM4YecTBa HUKENS U
kobanbTa.

LLipenbep3nt Fe;P — HUkenucTtbin.

Tpounut n xanekonMpuUT NpakTn4eckn 6e3 NpMMecHsbIe.
MNeHtnangut Ni, Fe, Sg — 6e3 Co.

XpoMwnuHenuabl- Nopa3snuTeribHOro coctaBa, npakTndeckn bes
MarHusi n antoMmnHNA, nHoraa 6e3 TpexBaneHTHOro Xenesa,
oborauleHbl TUTAHOM U 0CcobeHHO BaHaanem (o 7 macc. %).
OTKkyga TOT 1 Apyron anemMeHTbl B XpoMutax?
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Fig. 8. Metastable liquidus phase relations in the Fe-C-S system (Vogel & Ritzau, 1931). The 1200° _isolhcrm,
‘Fe+2L" was oblained by a slight displacement of the 1205 data, The position of the monotectic points I and F;
are not known aceurately.
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FiG. 9. Liquidus phase relations in the Fe-S-O system after Schiirmann & Hertwig (1962a) and Naldrett (196Y)
Dots: subzones of DZ (note the bimodal wistite/troilite distribution).
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