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Determination of the thermal range of mineralizaion in
the Chahar-Gonbad copper mine by using pyrite
crystals morphology
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Abstract: Chahar-Gonbad copper mine, in Kerman province, has mainly
formed as veins with low reserves and medium grade. Mineralization is
mainly occured as chalcopyrite, pyrite, rare galena and sphalerite. Sericitic,
argillic and propylitic alterations have been identified in this are deposit.
These alteration occurod in the thermal range of about 350 °C. In this
research, the morphology of pyrite crystals is used for determination of the
thermal range of mineralization. It is possible that the pyrite form in a
mineralization zone shows the state of thermal range during mineralizaton.
Based on this assumptian, the needle crystals are formed in temperatures
below or equal to 250 °C, abundant grooves while with increasing
temperature to 450 °C the cubic crystals with abundant grooves and a few
octahedral surfaces are formed. Investigations of collected pyrite crystals
from alteration zones of this ore deposit show that the cubic types with
abundant pyritohedron surfaces are common and crystals with high density
with groove surfaces are seen with smooth surfaces crystals. Therefore it is
interpreted that pyrites have formed in the thermal range between 250 to
450 °C. According to the temperature range for alteration (mean 350 °C), it
seems copper that the mineralization have occurred between 350 to 450 °C.

Keywords: Chahar- Gonbad, pyrite, Morphology, Temperature






i
L"A“ ‘e‘"s J

YoF B YA dio 5l AD flino) g 5l ¥ 5l Ol

S ool b oS Jlozr e (me y0 2y A (ales 85 (yanss
o g Sloyols (oulid <

Syeedad s S

AVFFA99 e 1 il = s asly (oMol ST olCils o (puali o it

OYALYNY ol asead 28l 0 AYAT/VVallis cdly o)

Losie e 5 o5 e b e, JLlS ) iy oS ol a5 o n (one 1Sy
il 5 JIE o oy o gsSIS ol 53l 55y iy ol o S5
bpnd loads asliss [Lsls jo 58 Sadugy 5 Sl oSty slo Sl 5o il
wlod 558 ol Gl G cpl 0wl YO OC sgum o Sl Sl sl
S a8 ol 82y Jlesx ]l el oals solaul Co yu sla,els wliicon ) 5l lals
A a2 a0 s SIS s 55 1y Los 558 GlialS Al 3 iy ok 55
oyl FO+ °C L Lo [l bog o Siamw byl YO+ “Cloglue L S slales jo
Sloysl oyt 2Bl 5,5 IS5 gy St Sl gsb 5 S slo i b
Eob b e gl 5 a5 gn i e ol (sl S5 Bblin S0 sl S
ol o515 b lo ks glaw glgl wunl gl ladiges ,o (PYritohedron) lgl s a>s o
SO ST SN P (L SRR = HP TR USRS R sl g css ok lgil b ol yon
dgaz ,0) HluSs oles 5S4 azg Lol S Ss YO °C B YO o sl

Sy oo Sl 4y i FO CC L YO o e 2jalS Gles sy (YO °C

Loo i pwliiicon ) i S gz 1 (50 dS slaosly



Yyay S u\.\M o QS") FHLY ‘SPLA\) 5&5..\7:.@ u.u.u

LVRV-PY

@ 2z SregkS WV g Gl (B0 Jled (5 eglS PO alold j5 0 Jler ose
SS9 8395 b ladye 5 gleSle ey Al ye o oleF slerled .l sus @dly b,
e b las) i Ll cnl el ol Shee ugee ;5 e 2l 4 i (50
& S yeysSIS Jalis 5 o0l b olitr I a5 [V-T] ol Lamugie e 5 390
5 Lolul bl slasls ol o8 GloilS olsie a4 o Jlanl 5 JE (Lol SIS olee
ot SasmssIT lals [V]wiloads JSias (g o o yS0l aendS) Wil S 515 55,158
232 Oy 4 So s aSST b g ge bgye Sl S - 5158 08 SIS gex 4 oS
eblE 5 Jsb o @Al 5508 Gt Zeal SOl 0ad Glu S S Dlabd (2
ot o sl J S W el a8 S 800 slade g 0 ler dikie ol glelS
b seled (g olglp oS B (3L aalyd [A] col ails LS ol JuSas e
Loply ilo sl culld polas Slas a5 wload owus (g 5ogdmme JSb 4 3l
S Sty Jals 4l ) o e S Sl gl [4] cel ol S Lo S
2 Seld GloFs plen @Bl 0 Sty SloSo el TSl 5 S|
O el Ca 5 355155 oy ol o Lol lanlS 5 Cel (550 £55 sl LudlS
Sleadls 5l a5 050 b S5yl ple a0 (Slo S 4 GleSo (nl S
90> 50 GluSo b (pled 88 [F] sl onds LSt odshy j00 Cige 5 CutglS
[o] el o5 o6l a0 YO -

t<ro.°C

ly Slewals + H Gy — 5 e+ Ki(gq) + SIO;
Cos yor + Higy + HO—20 s e Jgsls + K g

Sy (olied ol
Ol ooz g9 b iy (JS& 55 (glod S 295 aS Conl Carils )3 g Skl Jl
Sygmo s ol 50 Coy Gl (g55b 0y ComBae b laoe Sgldd e 4y g5 (pl o)l

o UKt s s o ecslazls JISCsl ool &) oy (asls zakaw b LI IS5 sl sk
YR ¢

1 -Sericitic
2 -Argillic
3 -Propylitic



(_g)._a.’aswa-\.\m Yﬂ/\

SElIE N 9 (M) (Ve 0) (Jg oud (53155 S cal sl 6ok 69k sl
OV JSes) ailoads J50as lises mhans iz S 5 b S 5l sl e

S, Ladls (g oSy S8 5 IS e slaatind )o Gl oy Awgl slasl
S el g wig B e oys 5 o) le S0 Bblie ;0 g 0slo &) losgs (gudgu
5 losld ss,S JSil 4 5)sk ) gloizrt [A] wites (spzg 033l 5 (st ot (oS
o slysh ot owns Sl leintiai b slien (undlon slaaiigs ;0 5 podels
gl se 0 Sk slojpiie b SIS (gl 0undST 50 slaaid; Ojgo 4 (B

539550 98y Ko 5l o3lid L g 9ol anwg b dyl oy sl shy (ulidc
JBl (Ve o) oo [Y] sl ool (55155 Co sl 8ysk alaw VA Slass ol asdllas
gl A5 o0 i s lanl gl S B0 LS e o Sl g Al ogie
Jsb bt gl ls (V- ) gelans aile (1)) gehams 0,3V 5 ol ilio by s aw (1))
Lol 00gr (295 e sle 32 &j90 4 (559k oy (xS 510 (Vo) mhaw bglas ol
(Y US55 ) wilig3lge 5 ool (YY) +) prbaws boglas-

TA] 0 & @ Lol s ds S 5 31 Sl oy (5l sl cilieo JISE Y JSC

4 -Endo



Yaa e (S 5O ‘5’|) LS ‘S’Lmb 5.)9..\7:& Oy

-k,

L) glan] o o o5Time Jsb slayled b (10 +) gl 55 S 1508200 ¥ S
255 See =i 13 S lge g ool Djga (V) 0) o Cote bglas: Lo U o Jlie o)
Lo a s B, boas Leale (25,2 LOVY) (065 v a0 (NV)) (2l by (565 4 o
I O ) mlaw 5o (565, glagY als) o

asfllae o,

S [A] el oo plowl g oy sl sl Sy 05y slos 13U g5, SlslE sl
IS 9y bl il slos 5 s sla 31 P55,k 5 Sazg 90 dawgs woor BKles] (o
[Pl s sz S8 rizme ;5 Sy slaysbs

5 -Murowchick & Barnes



Srobd e an Yoo

Yoo b Joloes d(@dns oliuls Gloie ) oald 0,5 slet e 5l oolitiul b Simgsy ol
sl oS Lulyd j0 oy slajsh ol ly allislesl e O 5 psiisel WIS
U s olfrals 5l alols 5 oled ot b Linles] opl o el slos in,s
@IS @ ol (b a5 09 0 slml o jsliate 50 8,55 G L 5 (2loyS cad nl g 950
5l i lod B Los o 5eS 51+ V=100 /oM Jolee (gauais Jas sled ool a5 ol
(g anxlpo Lol Alas o 0 yiin 2B 6l ) aiS o 0wl 00 °C

sbes (s kil Llall &b o 0 sk ol S8 a5 o)l 52y Jletal
5 Lo L0l Cod oy ook SKG as ols las a0 ol @S s plis 1) Slials
sles b oS (slalos o (bl nl 32055 o0 )18 S ey Jsb o elel il gles
Ol L g gl co JSaS Sige sboysl (4 V-0 °CIeM oS Sles ol yo) YO °C
S e S sty o S 2ol Ol sl |y seeSe csla gl ¥8-°C s Los
oo mabaos b e (glenaSe YO+ °C (slos o ¢ (08 °C/EM iVl olos slgmds o
GlosSe FO- °C loo jo Sl ol ek 0 g 0ad LS5 0 (VYY) ga (Vee)
IO JS2) alon 0929 0 sty ot gsbaws s L L I ks

Obie bS50 Cusn (g 033l93 5 (29 Sdd U (e slajel pled b (i
L Gos yo b sloo,ls [A] wsd so oaus Sle)S loals glaas, b Sals (50
O ey ) oS ST Sl b oS5 5 Wil el YL b oogy Jobss Sl 5o gy
JoSi5 Sy g 0oad ST HSy L S27 IS8 @ Jolome 55 sedlpw 5l (ot ol 5
P 50

& HS, +HO+H'

\
\'H,S(aq) +;O,(aq)

= ) -
YHS +;O,(aq) < S, +HO

(pyrite) Fe™ + S, — FeS,

w5 S STy 092y pas b 092y ol 38, (PH) bamms ayal Sty wiile else

N Sge ail B Gl 5o



\‘0 \ S u\.\M )o (5") e\;lS ‘SPLQ\) 5\)5\.\2‘0 u.u.u

450 = 'ilav : .""
En il , g

4004~  striated as(o)

- |/,

300l Increasing smolh o
-~ . _ Roughness

needles >
280 e———— \

o\

heavily striated

g 0
S

Tm (°C)

\
low Supersaturation =~ mederee
=0V ) dagie los =T oo, Ly 3 5 Capm S 0 5k 0, calizes IS ¥ S
eSS b zshw =0 [F] S =l Ls 0= (11Y)

SRR

WS ke Al )3 S5l S (les 87T (o0 )E (e jelate 4 5 YU Cllas 4 4z g L
2 aised ol s sl Cupm slaysh 5l pledisel Ll Glo S bl
ol ol 5 @l w85 18 (5Sas Sle 5 (058 Son 585 sy )50 oRialej]
1wl Sladlas

NP sty Wiz gola b g (oS glgil oy oSS g4l ladigas 555k LSl )
(F JSs ) el lglys Lt e (Pyrohedron)

ol 4l el anlie LB a5 4 ol Hl0)les gl 5@ (0 o) i 5ysk gsbaw Y
ghe oS5 5l ek i Ll Wedioe omd i g 05 5 0 (V) 5 B(VY )
(F JSs) iloas Juols (1 +)

led 828 30 sl onl a5 sy o L5 4 iz 00l Jae 4 oy p 4z b Y
ok b xSe JIS! ey sl ok YO+ °C (glos ;5 ilazs S S5 $0- °C b Yo« |



(_g)...o.'aﬁwm}..\m \”'Y

WS L s,kes malaw gl baysl sl $8+ °C b 3V slales o Ll ansls glan 5 e

[F] o ssmlgs ol
ol 59 sl ) o 0550w Sl s 5 o Stk JSE Auglio LY
Slos S el 4y el b 88

(49 0.5mm

lmm
() M

0.5mm y lmm

) il sl Wartet) sl gho sSusSen fsbigac Al RIS
() 0) Silgm 5 ooles Jgb Lgkas L€ (Y1) 5,5k o 9ms,Sn guai 19 ¢ - 4




\"YJ S u\.\M )o (5") 4415 ‘SPLQ\) 5\)5..\790 u.u.u

Sy sty 003ls0 ysk 1 (#F0) ST sla)ld 5 (Ve r) ok b Gy (oS by B S
(#F0) oS T slayls g (YY) 5 (Vo) ko b

culs g

oS 03 Siiebygn g Sebhyl St o Sl 0)l500 S Gl 55 08 oz (o o
dye )0 a8 Cog G 5, 0ud plnl lagew)n [A] wis LA L gl
Slewmy 2 28000 S & (A @lS et S5 Seihgn g Seie e Gle SO
g Sl FO-PC B Y0505 50 o] JSiad slos a5 ams oo ylid S opl (59, (Zemles
O oo 218 gled s (Y04 °C 50 ) YU slo Slu 5o oles 6,08 a4 azgi b
Sy oo St 4y il $O-°C L YO

&zl



Srobd e an v.f

[1] Anonymous, "Exploration for ore deposits in Kerman region”, G.S.I.
Report No, yu/53 (1973)

[2] Bazin D., Hubner H., Sjerp N., "Geological investigation in Kerman
Copper Region”, G.S.1. Report, (1968)

[3] Endo Y., "Morphological Study of framboidal pyrite"”, J. Mineralogy
Society Japan Vol 10, spec. Issue 2 (1971) 1-9.

[4] Etminan H., "Le porphyre Guprifere de Sar Cheshmeh (Iran)", Role des
phases fluids dans les mechanisme d’alteration et de mineralization: Science
de la terre memorie (1977) No 34.

[5] Guilbert J.M, Park C.F., "The Geology of ore deposits Freeman and
Company™, (1986) 985p.

[6] Murowchick J.B., Barnes H.L., "Effects of temperature and degree of
supersaturation on pyrite morphology", American Mineralogist. 72 (1987)
1241-1250.

[7] Sjerp N., Issakhanian V., Brants A., "The Geological Environment of the
chahar Gonbad Copper mine", A Study tetiary copper mineralization. G.S.|
Report (1969)

[8] Sunagawa 1., "Variation in the crystal habit of pyrite", Geological Survey
of Japan Report 175 (1957) 1-47.

‘”ﬂ-‘\—u-’, '/)[e.? U0 o 0 L;.’L"‘L’(Kﬁ @Lu)f.) o ot "'};j," dellls” “T ¥ (5%]4_9 3 [‘\]
OYVYY) Gl olRasls cgolaidl pwlids ol gwliss IS dabiybl




