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Thermal Study on the Inversion of Cubanite

Asahiko SuGaAkI

Abstract

The orthorhombic and cubic inversion of cubanite from the Omine and Komori mines, Japan has
been investigated. By heating at 222°C for 72 hours and at 227°C for 28 hours isotropic cubanite
appears as a lamellar form in original anisotropic cubanite as shown in Fig.1 C and D. At
228°C for 72 hours original cubanite mostly becomes to isotropic, but a small amount of anisotropic
cubanite locally remains as polysynthetic twin-like form (Fig.1 E and F), and at 233°C for 70
hours the cubanite entirely transforms to the isotropic high-temperature form (Table 2).

The inversion of cubanite has been also studied by means of X-ray powder diffraction and dif-
ferential thermal analysis. The powder diffraction data are given in Tables 3 and 4. The thermal
change of the powder pattern of X-ray diffraction is shown in Fig. 2. From these results, it is
found that orthorhombic cubanite from the Komori mine changes to cubic type at 235°C for 24
hours and the both cubanites coexist at 230°C for 24 hours. The inversion is also seen as a distinct
endothermic peak beginning at 254°+ 3 °C in the differential thermal curves as shown in Fig. 3.

The reverse transformation from cubic to orthorhombic form has been very difficult because

the reaction of the inversion is sluggish. By annealing at 200°C for 65 days there was not observed

the formation of orthorhombic cubanite from the cubic form.
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Table 1 Therma! change of optical properties of cubanite from the Komori mine

Before heating

} 250°C (8 hrs)

Reflection color

in oil

Light gray brown to brown

‘ Deep brown

!

Anisotropism

Distinctly changes color from bluish

Almost isotropic

in oil gray to reddish brown.
Distinct or perfect, parallel
and perpendicular to banded
Cleavage Parallel to banded lamella . .
lamella. Triangular pits ap-

pear,

brown.
Etching | KCN

FeCls No change

HgCl2 No change

HNOg3 Changes to brown color by fume,
HCl No change
KOH Changes slowly to grayish or deep

Changes slowly to deep color.

Changes to brown by fume.
No change

Changes slowly to deep brown.

Changes to deep brown.
No change

Changes very slowly to deep
color,
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Table 2 Change of cubanite from the Komori mine by heating

Change of cubanite

No change, but lamellar or patch-like forms of the
different type of anisotropic cubamte"slight]y appear,

Almost no change, but the anisotropic brown colored cubanite
of the different type slightly appears as lamella.

Almost isotropic brown cubanite appears as lamellar and
polysynthetic twin-like forms in anisotropic cubanite mass.

Lamellar and polysynthetic twin-like forms of-isotropic brown
cubanite markedly appear in anisctropic cubanite,

Almost changes to brown isotropic cubanite, but anisotropic
cubanite slightly remains as lamellar form. Distinct cleavages

Almost changes to brown isotropic cubanite, Cleavages and

Temp. Heating
(&(®))} time(hrs)
200 39
218 42
222 72
227 28
228 72
and their pits develope.
233 | 7 their pits appear,
237 15 produce,

Changes to isotropic brown cubanite. Cleavages and their pits

1 E, F), 233°C 70 hrs, 237°C 15 hrs Tt i3 ¢
AEWEIMED D& 72T, BHER S NURE
BERD & DidASNIe < h, BB IO=MH
IR » + T 5 (Fig. 1 G, H). o
% TR 10005 CHIZEL T4 Borchert? OEtiEidD
X 9 75 SRHL — chalcopyrrhotine @ 2 fadt A=t & 5
Nz -1z,

UED & 5 o — ASEORRR — SiRTHER I 42
BMTH->T, ZORNEEIXEN, RED 5 g R
IR S8 2858, $97200°C~210°C [EETHITH

CEERRIZNU Ry FR2EL, 0BGk
FROEHE Y o — SEHEE L, 220°~225°C TR
TIVEF o — SR N CHEE T DEEF 2 LB Fr
RO DODERIN, ULFENTZ2OEMHEML, 228
~230°C MR TRIICETHICIEN F o —~ S HEASAH
ARRASUINE Vsl i R INE & Sk i Ntk S S AR D=
TEUTEAFT AT, 21 $233°~235°C LT
1 EAEFETWEE 5 - TR 2K T3 5. COEE
5EZ A T &b TRIFMIEL 72 8541213200°~220°
CLUTORERTYE COIRBETETT 5 DEFHIN

Fig. 1 Change of cubanite from the Komori mine by heating X135

A and B: Lamellar and patch-like forms of different type anisotropic cubanite (Cbe, dark

gray) appeared in original anisotropic cubanite (Cb1) by heating at 218°C for 42

hours

C and D : Lamellar form of isotropic cubanite (light gray) partly produced in anisotropic

cubanite (gray or dark gray) at 223°C for 72 hours

E and F : Polysynthetic twin-like form of anisctropic remnant (light gray) found in the

isotropic cubanite (gray) produced at 228°C for 72 hours

G and H: Cleavages and their pits developed in the isotropic cubanite formed at 228°C for

72 hours
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Table 3 X-ray powder data for high-low inversion of cubanite from the Omine mine

Sudburyl? \ Before | 00°C | 230°C | ZC | 2400C 250°C | 450°C | Cubic
eating (200hts) | (24hrs) (24hrs) (24hrs) (24hrs) (100hrs) | chalcopyrite
hkq d(A)} I |d(A>‘ I d(AJ‘ I \d(A) I \d(Aq‘ I d(A){ 1| d(A)\ T|d) 1! d(A)‘ Il hkl

101 4.46 | 20 ‘
021 3.86| 19 3.86 | 18 3.86| 15/3.86 19
121) 3.49 | 40 3.50 64!3.49 621 3.50 | 48 3.50 | 57
200 324 | 83 3.23| 68 3.24| 50 3.24| 74
130 3.22 | 100 3.22 100:3.22 100, 3.22 | 100| 3.22 1 100
002 3.12 | 30 3.118 100 3.118/ 71| 3.120/ 68| 3.119/ 83

3.065 45 3.065 87 3.063 100, 3.055 100 3.059) 100, 3.073 100 111

(3.038 159, 3.037 118 3.045 167 3.041| 218 3.049, 74 3.037 76 3.04686)%
012 3.00 | 40 3.002/ 76 3.002 71 3.005 72 3.003 74
, , 2.990 8 2.988 9
220 2.79 | 40, 2.780 44 2.772| 45/ 2.784| 40| 2.784 41
211 ' 2,649 7/ 2.645 7 2.653] 7 2.657 10 200
122) 2.51 | 20 2.508 19, 2.505 15 2.508 15/2.510 20 :
141 2.37 | 30 2.368 19 2.364 21} 2.363 16 2.365 17
202) 2.24 | 20
212/ 2.20 | 10
142 1.979; 20
1.874 38 1.870 33 1.876 32/ 1.883 20 220
123| 1.867 80 1.864 79 1.862 65 1.867 63|1.865 85
(1.8551 52 1.856 37, 1.856 48] 1.857] 57/ 1.858 17 1.857 16 1.85719)*
052 1.8101 10
gi% 1.750 70’1.746 38 1.746 33| 1.748) 37/ 1.746/ 35
213 1.728! 10
322 1.698 20 1.692 17 1.691 10, 1.691 15 1.691] 10
400 1.617 20 | ‘
332] 1.6000 20 1.595 24 1.595 16 1.595 25' 1.593 28 1.595 151 1.593 14 1.598 16 1.602! 10 311
Mangan-filtered iron radiation. Voltage : 30KV, Current : 10mA, Scale factor : 16,
Time constant : 2 sec. Multiplier : 1, Scanning speed 1 °/min, Slit: 1°-1 °. 0.2

* : Chalcopyrite
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Table 4 X-ray powder data for high-low inversion of cubanite from the Komori mine

sy | o | B | B H% 0S (1S | GhE
nkl d |1l d 1 d | 1] a1 Ca 1] a 0] o 1] q lg]f];‘a“f*}‘}ﬁﬁ‘
101 4.46 | 20 4.49 12[4.48| 16/ 4.49| o
021 3.86 15 3.86 | 16 3.86 | 9
121/ 3.49 | 40/ 3.50 . 44/ 3.49 | 62 3.50 | 34
200 3.24| 71 3.24 | 58 3.24 %3
130 3.22 | 100 3.22 | 82 3.23 | 100 3.22 | 87 3.22
3.4 7313 53.14| 53.14| 6
002 3.12 | 30, 3.128) 68 3.12| 69 3.12 | 34
3.062, 100/ 3.066 100, 3.059| 100 3.058 100 3.063( 100 3.073 100 111
3.038 18 3.041 35 3.044 44
012/ 3.00 | 40 3.004 59 3.005 73 3.004 37
220279 | 40 2.783 35 2.782 46 2.783 22
2.652 6 2.649 4 2.649 4 2.65 6 2.657 10 200
1220 2.51 | 20 2.510, 6 2.512 16 2.511 6
141 2.37 | 30 2.368 15 2.366 19 2.367 13
202 2.24 | 20 2.241 12/ 2.243 19/2.243 6
212/ 2.20 | 10 2.201 9 2.201] 16 2.203 6
142 1.979° 20 1.976, 9 1.979 16 1.980 6
1.874 34 1.876 32| 1.874 51| 1.874 45/ 1.875 46 1.883 20 220
123 1.867 80 1.865 100/ 1.867 77 1.866 41
1.854 24/ 1.855 27/ 1.855 19/ 1.861 8 1.85 8 1.854 3 1.860 7
052 1.810 10
343 1.750 70 1.748) 26 1.747, 41/ 1.747 22
213 1.728) 10 1.728) 9/ 1.728 16 1.728 9
322/ 1.698 20 1.688 6 1.690 16/ 1.690 6
400 1.617) 20 1.612 9 1.611 16 1.611 9
33211600 20 1.601 12 1.595 16l 1.598 16 1.599 18' 1.599 16/ 1.597 15 1.599 151.6023 10l 311

Mangan-filtered iron radiation, Voltage : 30KV, Current : 10mA, Scale factor : 16,

Time constant: 2 sec. Multiplier :
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1, Scanning speed 1 °/min, Slit: 1°1° 0.2
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Fig. 2 Thermal change of X-ray powder pattern for cubanite from the Komori mine
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Fig. 3

from the Omine and Komori mines

—

I Omine mine

AM*’BI/K,;M mine
N

T Komori mine

Differential thermal curves for cubanites

1 and 1l : Evacuated silica tube method
II-and IV : Nitrogen atomospheric method
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Fig. 4 The X-ray powder pattern for annealed cubanite, which was cubic form
before annealing, at 200°C for 21 days

5. & # 1,000kg/cm2 [ T3 §710~40°C FREK {RIT/S %
Bhid 5.

5) BB L H EEFRIAO®IZ200°C T6SHE
BTYHEEET, CORGIZ D TRIETHS. T
DEAFig. 41TRL To X 5 ICERA & RSB+
2= GOREML LS LDOWH5LNTL B,

PR IR SRS & O REBREN AL X 2 — N,
O EEFI—&ERERIC OV TBERZHADEFD
Lo uERP AT

1) Shfes F OB THNEEY o — 3 Ri3200°C 39

hrs 751U 218°C42brs Tot v FHRZZWV U EERIRD iEe, SeBT (It 7S ILPEENEN R AERERIR &t & ORI
REORTES =~ AL D, 222°C ﬁ‘?%ﬁl’j'}miji;ﬂﬁﬁ?j;ct b s 7‘; LDT, T @@Hlkﬁé‘:z:%f LT O
72 hrs751 1 227°C 28 hrs TEIFHRIC LN F 2 — SR B PRI Ut 1 T O—F A S PR S
ANEEDH NI R UBERIERR 275U CH STk o Tie T TITIEL CH
i, 228°C 72 hrs gt TlIAHD BEIREIE
HHEOBEF o —SgRicE Y, ARG Y
o RN AFREE L 22 ), 233°C T0hrsis
T 09237°C 15 hrs TG & A& BIRAL ¥ = — >

& E X B

1) R. A. Yund and G. Kullerud : Carnegie Inst,
Wash. Year Book, 60, 180 (1961)
2) AR ¢ i EE AL, 11 (1962)

@Nl%lﬁbﬂ/i 5. 3) WA E : LR, 12, 300 (1962)
2) KIEEE ¥ = —-3 8513 220°C 24 hrs FRE T 4) M. Sawada, M. Ozima and Y. Fujiki : Jour. Geo-
Sk X I R 2L A & 5 sunds, 230° mag. Geoelect., 14, 107 (1962)
C 24 hrs 7B Tid HEFY -~ JROBR L — 5 MITIHUA, AMATESE, Rk Jb5 5 S Al Sl R S
7 (111) DEJTERFRF - — A8k OEHICE b Eik, 288 (97D
n, @@% . H)gﬂ{@#ﬁ:?ﬁ?b, 240°C 24 hrs 6) P. Ramdohr : Zeits.‘f. prakt. Geol., 36, 169 (1928)
i 7) H. Borchert : Chemie d. Erde, 8, 145 (1934)
METT N THEMAC AT B, —IFETED S 8) HAPTIE, (WE—HE : # 23, 52, 39, 90 (196)
@ £ 230°C 24 hrs TEENTHADTEL, SHAI X = — 9) AL : GLlE, 14, 36 (1964)
SEEDSHTEL, 235°C 24hrs IUELTRITENL TN 10) JEACE : SRILALE, 13, 339 (1963)
THEHEFENC T 5. 11) P. Ramdohr : The Ore Minerals and Their Inter-
3) J:%}E@%%&i%%ﬁ&ﬁﬁf%éﬁ?%éh, Fig, 3 growth, Pergamon Press, (1969) p. 619
DOF> 12254°+ 3°C THEZ b, 265°~275°C IZ. 12) L. G. Berry and R. M. Thompson : X-ray powder
data for ore minerals, The Peacock Atlas, Geol.
E°H#%ﬁ’§'5$~@%bb‘%§&ﬁ}}ﬁt LT % Soc. America Mem., N. Y. (1962) Section 90.
bahs. CORRROEBRE L Y HEAc 18) A, Ft, JERE O A TGS, 22, 10
Flxoo6 N TE-> T3, 1971
4) FERAREE T TR E S CERRACHEEIL, (IAFA64E 12 15 32 1)

¥21.22 No.3 (1972)



