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Polymorphic Variations of Pyrrhotite as related to Tungsten-Tin-Copper

Mineralization at the Ohtani Mine, Japan

Moon Young Kim and Nakamura Takeshi

Abstract: The ore deposit of the Ohtani mine is one of representatives of plutonic tungsten-tin

veins related genetically to acidic magmatism of Late Cretaceous in the Inner zome of Southwest

Japan. Based on macrostructures of vein filling, three major mineralization stages are distinguished

by major tectonic breaks. The constituents of ore minerals are scheelite, cassiterite, chalcopyrite,

pyrrhotite, sphalerite, with small amounts of cubanite, stannite, galena, native bismuth, bismuthinite,

arsenopyrite and pyrite. The relationship between the polymorphic variations of pyrrhotite and the

kinds of the associated characteristic of ore mineral, in relation with hypogene mineralization, has
been demonstrated. Pyrrhotite of stage I is predominantly of the hexagonal phase (Hpo>Mpo).
Pyrrhotite of stage IT is mainly of the monoclinic phase (Hpo<Mpo). Pyrrhotite of stage III is a
single monoclinic phase (Hpo<Mpo). The compositions of the hexagonal pyrrhotite decrease in Fe
content ranging from 47.44 atom % Fe in stage I to 46.83 atom % Fe in stage IIL
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Fig. 1 Vein pattern of the Ohtani mine.
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Fig. 2A Underground geological map in the No.12 vein on the 100m level. The vein filling consists of

quartz 1 (QI), quartz 1(Q1I),

and quartz I (QIl) separated by tectonic boundaries. Sch:

scheelite, Mus: muscovite, po: pyrrhotite, cp: chalcopyrite, sl: sphalerite, asp: arsenopyrite.

Chiorite zone

Fig. 2B Underground geological map in the No.ll vein on the 126m level. Tectonic boundaries are
recognized among three quartz generations, quartz I (Q 1), quartz 1(Q1I), and quartz 0l (QII ).
In this case, quartz I is further subdivided into earlier quartz 1 A(QI A) and later quartz IB
(QIB). Sch: scheelite, Mus: muscovite, po: pyrrhotite, cp: chalcopyrite, py: pyrite, Cal: calcite.
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Fig. 3A Mode of occurrence of scheelite (Sch)-muscovite (Mus) quartz Il (Q) ore of stage II. Quartz

I (QI) is cut by younger quartz I (QII) with which scheelite and muscovite are associated.
Loc.: No.12 vein, 100m level.
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inerolizsution STAGE | STAGE 11 STAGE Il
tage
Minerals A B A B
Q IA QB Q A Q1B Q I
Quartz i
hpo>mpo npog\mpo hpo<mpo hpo<mpo
Pyrrhotite F [N [ 3 L
Sphalerite re— P — - —a———
Chalcopyrite f, — - — - —-—
Stannite N . — - - x — x
N [ o S °
Cubanite g ° ® - ® ®
~ ~ ~ A w
Arsenopyrite O a a - S - -
.~
@ — - _
Galena N . .
Native bismuth e e — -
- R < < < <
Bismuthinite py ° S —_ o o
Q - -
Pyrite - : : - - -
O
- G Q| L L0
Cassiterite ':, N N | - -
Scheelite [ —
Fluorite - -
Muscovite - [
Calcite o~ - -
247-214°C (Q) 250-208°C (Q)
Filling temperature 322-207°C (Q) 3.3-3.7% (Q) 5.1-3.9% (Q)
and salinity*)ranges 322-2639¢(Q) 6.8-22%(Q) 294-235°C (Sch) 276-190°C(Q)
of fiuid inclusions 272-194°C(Q) 7.3-5.8%(Sch) 5.9-2.6% (Q)
in quartz(Q) and 7.8-5.1% (Q) 4.4-2.1% (Q) 243-180°C(Q) 225-168°C (Q)
scheelite {Sch) 4.1-1.7 %(Q) 37-1.5% (Q)

Fig. 4 Sequence of mineralization in the No.12 vein on the 100m level. Three major stages, I, I, and

I, of mineralization are separated from one other by major tectonic breaks.

* Equivalent wt.% NaCl. hpo: hexagonal pyrrhotite, mpo: monoclinic pyrrhotite.
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Fig. 3B Transection of barren quartz 1 (Q1) vein of stage I by scheelite (Sch)-muscovite (Mus) -quartz
I (QH) vein filling of stage I. Loc.: No.12 vein, 100m level.

Fig. 3C Transection of crushed quartz I (Q I )-pyrrhotite (po) ore by quartz I (Q1) filling of stage I and
scheelite (Sch) -muscovite (Mus)-quartz I (QII) filling of stage M. Loc.: No.12 vein, 100m level.

Fig. 3D Typical monoascendent vein filling of scheelite (Sch) -quartz Il (QII) vein of stage II. Scheelite
grains are arranged along the both sides of quartz Wl vein. Wall-rock is highly muscovitized. Loc.:

No.8 vein, 150m level.
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Table 1 X-ray data on pyrrhotites.

- Hexagonal . o Structural .

Location Stage I%’I%r?ggl‘?nic I‘}/I(%%%IXHC g&?ﬂ?m%m}?e rtl;p: a Associated minerals
d(202)A

50mL-8V IA 2, 0632 2, 0525 47.07 Hpo Mpo | Cas, Sch. cp. st.
50mL-16V LA 2. 0633 2, 0518 47.08 Hpo Mpo | cp. sl asp. py.
100mL-03V IB 2.0614 2, 0528 46.91 Hpo Mpo | Sch. cp. sl py.
100mL-03V IA 2, 0617 2, 0520 46.94 Hpo Mpo | cp. sk st. py.
100mL-03 I 2, 0626 2,0516 47.02 Hpo Mpo | cp. py.
100mL-11V IA 2. 0643 2, 0536 47.17 Hpo Mpo | cp. st sl
100mL-11V IB 2, 0657 2, 0575 47.29 Hpo Mpo | cp. sl
100mL-11V IB 2, 0652 2, 0503 47.25 Hpo Mpo | cp. st sl
100mL-12V IB 2, 0674 2, 0534 47. 44 Hpo Mpo | cp. sk
100mL-12V IB 2, 0661 2, 0522 47.33 Hpo Mpo | cp. sl st
100mL-12V IA 2, 0654 2, 0535 47. 27 Hpo Mpo | cp. sl st py.
100mL-12V i 2,0610 2,0513 46.88 Hpo Mpo | cp. sl. st py.
100mL-16V IA 2, 0661 2, 0542 47.33 Mpo Hpo | cp. st sl asp.
100mL-16V IB 2, 0669 — 47.40 Hpo
100mL-16V IB 2, 0659 2, 0555 47.31 Hpo Mpo | cp. st sl py.
100mL-16V IA 2, 0643 2, 0539 47.19 Hpo Mpo | cp. sl py.
126mL-8V IA 2, 0640 2,0515 47.14 Hpo Mpo cp. sl. py.
126mL-8V I 2, 0627 2, 0547 47.03 Hpo Mpo | cp. py. s
126mL-11V IA 2, 0633 2, 0540 47.08 Hpo Mpo cp. st. sl py.
126mL-11V I 2, 0605 2, 0523 46. 90 Hpo Mpo cp. sl. py.
126mL-11V IA 2, 0657 2, 0549 47. 29 Hpo Mpo cp. sl. asp.
126mL-11V IB 2, 0620 2, 0544 46.97 Hpo Mpo | cp. sl py. asp.
126mL-11V IB 2, 0642 — 47.17 Hpo
150mL-8V IA 2, 0637 2,0514 47.12 Hpo Mpo cp. st. sb
150mL-8V IB 2, 0669 2, 0542 47. 40 Hpo Mpo cp. sk
150mL-8V IB 2, 0650 — 47.23 Hpo cp. sl
150mL-8V 1A 2, 0629 2, 0532 47. 40 Hpo Mpo | cp. sl py.
150mL~-8V IB 2, 0663 2, 0514 47.35 Hpo Mpo cp. sl py.
150mL-8V IB 2, 0671 2, 0524 47. 42 Hpo Mpo cp. sk
150mL-12V IB 2, 0626 2,0512 47.02 Hpo Mpo Cas. cp. st. sl. Bi. bin.
150mL-12V i 2,0623 2,0515 46.99 Hpo Mpo | cp. sl py. '
150mL-12V IA 2, 0619 2, 0521 46. 96 Hpo Mpo cp. sl. py.
150mL-12V IB 2, 0645 2, 0522 47.19 Hpo Mpo cp. st. sl

Hpo: hexagonal pyrrhotite, Mpo: monoclinic pyrrhotite,
asp: arsenopyrite,

st: stannite,

sl: sphalerite,

py: pyrite,

EA v AR 2= Arnold and Reichen (1962) ¢l
et FEE AEste, FeKeZ 20=60°~53°9) il
o] ¥ 3le] scanning @ chart speed & %% 1°/4/min,
Iem/minffEfh o 2 st g vk AL d(102) 9 d(201)
T B 2 A RGH MBREAY d(102) 9 B R
BegAe 4(202) 4 42025 HEIA wEstel %
R AR (Fe-content) & #EfstAch. {LEBERS
Arnold(1962)¢] =& EHBR& FIASY FHEstg .

Cas: cassiterite, Sch: scheelite, cp: chalcopyrite,
bin: bismuthinite, Bi: native bismuth.

WK X-HEFRY diets
Atomic % iron=44.90-+69. 23(d102—2. 0355)
+329. 7(d102—2. 0355)*

Rl AT BHESAS RS kst o, KM
I BRI BHE Arnold(1966)98] FHio 2 WE
39 .

LHRALREIRS BBREBAY W X-REMFHERE
Table 2 9 Fig. 59 .
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Fig. 5 X-ray diffraction pattern of pyrrhotites.
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thol wl $ HEMolch. BMREAS KA WER
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1966) 7 HIo 2 [EphA 71 HEE(Kiskyras, 1950)°]
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FE BHREEA ks sEetA Wahsty] w Eol Wik
g w5 g KX HRAA s HIl 9@
BiERae Bt .

LHHCREHS] BRI WY BEEehe Fig. 69
Zt.

FALRE 1 o) BEBRELE - FeRA, PUMEAT, =94
S EE Fubsl: WHMAEL ANHE BBi#A (hpo>
mpo)& EHZ e, Fzhe] HPH BMMHREAC BE
o] 9vh(Fig. 5). d(102)o A HES ML 47.17~
47. 44 atom.% Fe ®iEo] o). EahkgiEd A& 249 B
@Al RN, HeBESY HRM MESA
9] lamellaes} #E7Edt 2 9o} (Fig. 6A). $] 9} o] j#
BREAERY X-RENERE T —F3lz I

FACRIA I o REBEEE © RWeAE, [NEEshA, =9

Fig. 6A Photomicrograph of polished section showing
structure etching of pyrrrhotite of stage
1 (open nicol). Etching with HI. Loc.:
No. 12 vein, 100m level. Hpo: hexagonal
pyrrhotite, Mpo: monoclinic pyrrhotite, sl:
sphalerite.

Fig. 6B Photomicrograph of polished section showing
structure etching of pyrrhotite of stage I A
(open nicol). Etching with HI. Loc.: No.
03 vein, 100m level.

Fig. 6C Photomicrograph of polished section showing
structure etching of pyrrhotite associated
with pyrite (py) of stage II (open nicol).
Etching with HI. Loc.: No.8 vein, 150m
level.
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ol E, BEE 59 WtHEYe T2 Tusts HL
I A9 WHEAS <A BHE RESHE A<

AREo® FEsAY, BRE BHREE =% ¢ B
o] #77egtvt(hpo<mpo, Fig. 5), d(102)A &&=
RS 46.94~47. 33atom.% HiEol M, R Akl A
B OSHE MEREATRY BRA BERREAC] HIHA
=l o] Al lamellaed] o3 k= ol o} (Fig. 6B).
KEA L HERS = 3 FHHI BY MRS
Ao ERBH MEEAel EHelY, %ol RHE B
WA, = BB mEESae FESY (hpolmpo,
hpo{{mpo). d(102)1 A FHEH KL 46.91~47.02
atom.% HiEo] o},

TN el BHREL: KERF ¥ BERE I8
2 & LRI WHREES BEAE MR8z
o 755 (hpod(mpo), d(102) A FHER HKL
46.88~47.03 atom.% HiEECI T, REEEERl A EE
AL Fubsts MREBES = B lamellaert 7
#8132 Qo (Fig. 6C).

Eiedk ubeh o] ABHILS BHRBAEE & Hh
#iol web 47l ##k(polymorphic variation) &
gl e, [LEER JodAE #EE 2tk & HL
Bgiel RS um, Fig. 73 2ol FHULESHI I A A=
47. 44~47. 17atom. % Fe, SRILRFIH T Aol A& 47.33~
46.94 atom. % Fe, 1 BY 47.02~46.91 atom. % Fe
o PEACREHAN = 47.03~46.88 atom. % Fed] HiE ol
B3, FeS-FeS,;5%% ZEE(Yund and Hall, 1968;
Arnold, 1969; [ EH:#, 1966; Nakayawa and Mori-
moto, 1970, 1971, 2@ Sugaki and Shima, 1977)¢] }
Bt wEd SREET —FEA dedh Fd #ib
R L, Dol A A8 9 ERA EK’@E@E"] #AE=
EHEE b AF7AAY Fe-SHe HTFEE (Scott &
Kissin, 1973; Sugaki & Shima, 1977)¢l4¥& X
B-BRA k49 solvusyt FF o A EEFE

Stage IO
6 @ Stage IIB
>
2 Stage IIA
[
a
o Stage I
g 41 O g 2 7
w
T T 1
47.8 47.6 -47.4 472 47.0 46.8

Atomic % Fe

Fig. 7 Histogram for Fe content of hexagonal
pyrrhotites.
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H
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=

PIEESARS] MKk Tt RE! BEEALS MR

& Hgeol A= 100m leveld] 12FfRel A KB LR:HA
Bl HEE 3ol %3 EPMAC] k& PAEEsh A+
Zn, Fe, Cd, Mn, S wE&HH< HEiEFAS = &
B Table 2 9@ Fig. 83 . ZS¥ERE 24 B
WA Fed B HRM AL KX 12.5wt
% (21.6 FeS mol. %)l A/ 9.3wt. % (16.2 FeeS
mol.%), SELE:HII (F2 T A)dAE &K 12.0wt
%(20. 8 FeS mol. %)l A /)~ 6. 0wt. % (10. 4FeS mol.
%), BLBHPIAALE Hkik 7.2wt.%(12. 4FeS mol.
%)N A Erh 5.3wt.%(9.2 FeS mol. %)= #{ks =
At

ol ¥} & FAmEEhi A Feqio|l HELR:Hdl =f=t,
LS Yl e A Hlbd MM LB =& &
Lol Aol A ojuldt Aol 7] HEolct. &
G LRl e} JefEsts BAEHY, 453l Fe-S, Cu-
Fe-S, ¥ Fe-Zn-Shk Hpl A Aold e HEES Bk
F ZE der 444 fiEg B9, FE RHE B
WA (HPo>MPo) 3} 3k&st= SRR 1 o] POEhsh
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Fig. 8 Histogram for FeS content of sphalerites in
the No.12 vein on the 100m level.
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Table 2 Chemical compositions of sphalerite in the No.12 vein on the 100m level.

|

Weight per cent Atomic per cent FeS
Stage ——1{ Total |—
Zn | Fe| Cd| Mn| S Zn | Fe | Cd|Mn| S |Mol%
51.5{ 12.5 3.0 0.1 32.8 99.9 38.2 10.8 1.3 0.1 49.6 21.6
I 51.7] 110y 3.1 0.1 33. 6| 99. 5| 38.3] 9.5 1.3 0.1 50.7 19.0
55.2| 10.0f 1.8 0.1 33.4 100.5 40.5 86 0.8 0.1 50. 0| 17.2
(1B) 53.9 9.4 2.3 0.1 33. 5 99.2 40.0 8.2 1.0 0.1 50. 8 16.4
Tectonic 54.6f 9.3f 2.4 0.2 33. 3 99. 8 40.4) 8.1 .o 0.2 50. 3 16.2
break
51.3| 12.0 3.1} 0.1 33.2 99.7 38.0p 10.4 1.4 0.1 50.1 20.8
53.8 10.6{ 3.0 0.1 33.2 100. 7 39.6/ 9.21 L3 0.1 49. 8 18.4
53.5 10.0 3.0 0.1 33. 5 100.1 39.5, 86 1.3 0.1 50.5 17.2
55.21 9.4y 2.2 0.1 33. 5 100. 4 40.6, 8.1 1.0 0.1 50. 3| 16.2
54.91 9.2 2.9 0.2 33.2 100. 4 40.6 8.0 1. 3] 0. 2] 50. 0 16.0
| 55.4 9.1 2.6 0.1 33. 3 100. 5 40.9] 7.9 1.1, 0.1 50. 1 15.8
55.6f 9.1 2.6 0.1 33.5 100. 9 40.8 7.8 LI 0.1 50.1 15.6
56.6| 8.5 2.4 0.1 33. 2 100. 8 41.7) 7.3 1.0 0.1 49. 9 14.6
56.00 8.3 2.6 0.1 33. 4 100. 4 41.3] 7.20 L1} 0.1 50. 3| 14.4
5.8 7.9 2.3 0.2 33.5 100. 7 41.8 6.8 L0 0.2 50. 3 13.6
56.8 7.4 2.2 0.2 33. 6 100. 2 41.9] 6.4 0.9 0.2 50. 6 12.8
57.00 7.3 2.6 0.1 33. 4 100. 4 42.1 6.3] L1} 0.1 50. 3 12.6
58.2| 6.8 2.4 0.1 33.5 10L. 0 42.8/ 5.9 1.0 0.1 50. 2 11.8
57.4] 6.5 3.1 0.1 33.3 100. 4 42.6 5.6/ 1.3 0.1 50. 3| 11.2
Tectonic 58.3] 6.0 3.0 0.1 33.4 100. 8 43.20 5.20 1.3 0.1 50. 2 10.4
break
58.3] 7.2 1.9 0.1 33.4 100.9 42.9] 6.2 0.8 0.1 50.1 12. 4
58.7 6.2 2.8 — 33.1 100.8 42.3] 6.5 1.2 — 50. 9| 11.0
Il ' 57.9] 5.5 3.6 — 33. 4 100. 4 43.1] 4.8 1.6 — 50.6 9.6
58.4) 5.4 3.6 - 33.2 100. 6 43.4 4.7, 1.6 — 50. 3] 9.4
58.5| 5.3 3.3 — 33. 5 100.6 43.4] 4.6 1.4 — 50. 6 9.2

FE Feg ol 714 ¥x, 16.2mol.% FeS L) ko]t
=3 B BEREAY $AS ST ¥ 19
POEESA A —Rive s FegBol v, £%& 20.8~
10. 4mol. % FeS 2 12.4~9.2mol.% FeSE e}l

A Fea&st MBREY) RBRES 34
Aol £+, Fediol =& BB 1AL REE
7} ¥3(322°~263°C), Fefr®o] & HH{LRFMM ol
Ae FEEEES Yo (250~208°C).

Scott & Barnes(1971)& 270°CLA L9 BBl A 7%
Wi a s F4s = AR FeSHEol 20.6mol.%
Ll keleta 53t 2, = # Fe-Zn-Sn3ke] 250°C
LLES) Kol JA MATEERER (Scott ¥ Kissin,
1973) & B =& SHH MHEEs tdste I
mIAY ERE £% 11~18mol.% FeS 2 18mol.%
FeS [ b9 RS Ztevha @iasdd. AB#Ele

ZHALE Y 1A PUEIRAS SHTERY MRS
Ao Bt AL MPEERERS 2 —FEH, N
FE HMREAS SRA MEEA BRI MHSaS
EEE BREEY @AYl Jdon, = NEEhade
FeSEE L Moz bkl

=

1 RASLY MRERS LY =iy
BB (1) RAT MR - S7e) BRI W
AMHPo>MPo)— (1) HFEM WiHEA - AE == &
7he] AFE REBRETE (HPo<MPo)— (1) BZIE REbE
7 (HPo€KMPo) = 81L&t o},

2. AHH HREES SRS R w2t 2R
5 Holv, B BRIH(I)SY 47.44 atom.% Fe
A (M) 46.88 atom.%Fez Fest #/heE & S

T
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3. POLEMES BT HAFSHE  REBRETS M
= ETRERERES & —Hee, ANH B S
EiEe) , BAMY RRMES (EEE RREA .

& PE BAT QoA AR#LS BURME
s el ¥iEE FA KA BIFEE &TR
F, BEEHE JEEBRA 2ol Ba=ds, oed
X-#985F 2 EPMASH BA =454 KIRHIL
K8 HIEZHLAA 2oee IS =T A
WA fERehe W KRS O A MEBIEERR
A BTEYA 2e ma#E =dE wddh
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