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1. Rare Earth Element (REE)
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Fig. 4. Microscopic photos from mineralization evidences in the Ghaleh Rigi area, A: The filling space texture, the
primary sulfide atered to hematite and iron hydroxides, B: Replacement and ribbon texture in iron hydroxide, C:
Magnetite changes to hydroxide, D: Geothite with colloform texture, E: Skeletal texture in ilmenite as a resdue mineral,
F: Alteration of arsenopyrite and pyrite into iron hydroxide, G: Chain texture of hematite minerals, and H: Pyrite
mineral. Abbreviations after Whitney and Evans (2010) (Hem: Hematite, Mag: Magnetite, Gth: Geothite, ILM:
IImenite, Apy: Arsenopyriye, Py: pyrite).
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Fig. 5. Back scattered electron images and analysis spectra of gossan samples from the Ghaleh Rigi area. The x-axis is

Energy (keV). Thered arrow indicates the point of analysis.
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Table 1. Results of chemical analysis of elements by ICP-AES method in gossans from the Ghaleh Rigi area

Horizon Sample Au Ag As Ba Bi Cu Pb Sb Zn Co
no. (ppb)  (ppm) (ppm) (ppm) (ppm) (ppm)  (ppm)  (ppm) (ppm) (pPpm)

gr-95-301 20 04 20 167 5 401 30 5 159 40
gr-95-302 84 04 194 528 7 1646 35 12 99 37
gr-95-303 55 07 247 1032 12 1664 128 14 115 33
gr-95-304 3127 30 4094 1208 154 1189 5862 154 260 57

Uz'g‘r"zr gr-95-305 18513 123 2615 351 580 1058 9439 281 172 25
gr-95-310 174 112 6157 1213 130 1144 13333 205 528 35
gr-95-311 101 3 393 1039 10 147 519 21 5 4
gr-95-312 130 3 198 1305 4 89 394 6 2 6
gr-95-313 320 2 1524 244 83 135 620 53 14 3
gr-95-347 18 05 4 371 9 4621 15 5 1203 23
gr-95-342 112 3 66 243 6 13333 178 11 1546 63

'-Z%ngr gr-95-343 55 06 80 46 7 13333 99 11 2293 70
gr-95-344 40 06 8 56 14 1621 85 26 98 43
gr-95-345 10 04 14 899 4 246 215 2 317 7
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Fig. 6. Comparison of anomalies of selected elements with respect to depth in the gossans from Ghaleh Rigi area
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Table 2. Results of chemical analysis of elements by ICP-AES method in slags from Ghaleh Rigi area

Sample Au Ag As Sb

no. (ppb) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (pPpm) (ppm) (ppm)

89-Q6m 97 05 23 3
89-Q17m 85 3 50 o1
89-Q5m 7509 102 1822 84
89-Q18m 558 3 486 41
89-Q13m 232 1 68 8

89-Ql4m 952 4 397 26

Bi Pb Cu Zn Co Mn Cd
0.5 61 144 75 19 560 0.1
15 634 6004 16495 412 601 3
9 12634 616 238 59 23 18
19 254 1378 329 165 21 7
19 135 283 155 49 89 2
29 652 1025 671 143 28 6
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Table 3. Pearson's correlation matrix for studied elements in the Ghaleh Rigi

Au Ag As Ba Bi Co Cu Mn Mo Pb Sb Zn
Au 1
Ag 0.727 1
As 0317 0.799 1
Ba -0132 015  0.398 1
Bi 0971 ‘083 0516 -0058 1
Co -0.003 0046 0115 -038 -0.016 1
Cu -0155 -0206 -0.259 -042 -0207 0649 1
Mn -0198 -0259 -0.302 -0522 -026 0.628 0873 1
Mo 0456 "0.824 0796 0.134 0.603 0.063 -0.273 -0.36 1
Pb 0552 "0.950 0921 0.262 0.698 0.126 -0.245 -028 '0.833 1
Sb 0774 "093 0814 01 0879 012 -0.268 -0311 0779 0934 1
Zn -0168 -0.134 -0166 -0.371 -0.197 0567 "0.929 0.892 -0.224 -0.152 -0219 1

* Correlation is significant at the 0.01 level (2-tailed)
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Table 4. Results of chemical analysis of rare earth elements (ppm) by ICP-MS method in gossans from the Ghaleh Rigi

Sampleno. La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

gr-95-301 33 79 79 145 25 13 60 08 42 03 38 06 4 05

gr-95-302 107 188 150 187 19 09 37 14 10 05 23 10 3 09

gr-95-303 136 222 162 184 20 09 37 14 10 05 22 10 3 10

gr-95-304 14 28 328 218 19 05 06 31 07 10 47 24 3 22

gr-95-305 80 143 122 183 12 05 16 10 07 03 20 08 1 07

gr-95-310 21 07 218 151 09 03 09 20 07 06 36 16 3 16

gr-95-311 35 59 59 57 07 03 43 06 13 03 24 03 3 04

gr-95-312 37 86 29 41 05 03 51 03 22 03 33 02 4 02

gr-95-313 115 198 43 85 14 03 52 01 14 03 15 01 2 01

gr-95-347 170 295 108 210 29 11 48 10 70 07 55 06 5 06

gr-95-342 191 451 121 397 90 34 87 17 154 12 95 06 9 05

gr-95-343 150 359 113 281 53 25 68 14 131 09 94 06 8 05

gr-95-344 114 169 250 219 20 06 30 23 07 08 44 18 4 16

gr-95-345 15 19 30 37 05 01 32 02 10 03 08 02 2 02

&‘}d&buﬁo\_&fw;;bdl_w;ﬁjjbébbjﬁ JAF&‘OJ}J&LA@H&))J_{AS;QJ‘HLg\.hu\_;.g‘ljé
2L A5 e 5 ol ol 4l gdd e sas Sl SIS 3108 JSa5 b sl505, (S35 n Jbe Ol i &) S 0
Boyle, 1996; Volesky et al., ) . S i (ool 09) 53 )b s Leo! S g = =



ooy ool e G0l S 53 DS (Sl w55 5 S ESGS  qand 5

VFer JL) ¥ ojles Y e

L it N353 S b et s DS
o raie 5 Ol (A 5 A s JSK8) 3505 Wb slaole S
s)j_«aL;Laou;):.s)bu\bbb}f,:&@l{@-):4;'
hglie 53 oS ol 5 3 S YV 39d ot e ¢y
S ol (5 53 0,85 V800 oS0 AL ol S L
3ot e SR0 B ol 4 gl 1 L
Koy Calises sLagsl 55 e s b o 55 b6 3lin | g
)pw\_{,@psuau;u),mou}f;ﬁtsgw\w
ddd pon Sl Lo L ol odalie (gtnaibate 45,8 o
s 03 PLaS IS Ol gie 4 5 Sl Gas 55 Slos g

A;«w‘ W‘b)l:w 4:>L: L.J‘-’-\ Lg‘o:j J:.Ej}w jf.l>;

1000 =
i Upper Zone
100 <
g
5
€
2
5 10 i
~ b
L)
o
£
[
@14
HE Pr Sm Gd Dy Er Yb
0l +——t——t——t————t——t—t

Ce Nd Eu Th Ho m Lu

(2017
AL Ol F ot Gl ortmpas gland 55 Slaigm 2
S5 3B 0le 8 S 5 ax 5 o p8 o oslinal JUL
F 3 2a) 35 o sl b sla0be S Y om0l )
ST gl gimme 5 L1 513 JLL Lol £ o3y 53 (Ao
CLaolo S 55 0s6 S o3Il o ke . Lls 33 ol
;,ﬂduouf,;.wldgjarjfvb~~ 39l ailaie
5 (553 08100 51 2a8) S VU 5 0, ol sme (g 2
o L ol 0 B (gl gme 21531 s oot T )y &5
33 Sy T 50,8 (gl poen bl .3 580 oo o dalie
35 paseta UL 5 Wb slaole £ L OT amlis 5
4_;”.(AJ&s)gﬁfgﬁ,\;épag,,guou,fals

1000 <
: Lower Zone
“.
N
| ‘7 Y . e S ¢
| 34— i
H e SN
: ’e \*2 4.\
: k
5
£ 10 o
5 E
-
2
Q
E .
La Pr Sm Gd > E’ 8
) P U A

Ce Nd Eu Tb Ho Tm Lu

SLa0be £ 4 g Ly oy poS 4 oty Loy ¢ a3 BlE) (K aall adlate 0l 8 (slaiipod laS” (S polie 5 (680 amlin Y S
Boyle, ) Jo 5 3l (6 uS' s 4k 56" Bathurst Mining Camp 53 ole £) MSG (gbsesls . Slgr olie 53 3130laaisT (glos 5 dudd pun
O 5 Sy 31 (=T bls Olw o 55 Shaib al Tair o 3 0l 8) SAT 5 (Leybourne et al., 2006) o, 5es 5 0,5 5 (2003

! (Boynton, 1984) o sy 3l g5l yleig pslis 5 (VOlesky et dl., 2017)

Fig. 7. Chondrite-normalized REE patterns of gossan samples from the Ghaleh Rigi area (red points), comparing whit
other VMS gossansin world scale. MSG (gossan from Bathurst Mining Camp, Canada, gray zone) from Boyle (2003)
and Leybourne et a. (2006) and SAT (gossan from Shaib al Tair deposit, Saoudi Arabia, blue ponis) from Volesky et
al. (2017). Normalizing values are from Boynton (1984).
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Fig. 8. Comparison of silver, arsenic, copper and zinc content versus lead in the gossan sample from the Ghaleh Rigi
area, with some mature and immature gossans (Scott et al., 2001)
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Fig. 9. Comparison of the average of elements in the gossan sample from the Ghaleh Rigi area, with the average of a
number of mature and immature gossans of the massive sulfide deposits (Scott et al., 2001)
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Introduction

Erosion and oxidation of massive sulfides when
uplifted and exposed to the surface, commonly lead
to the formation of gossans. In this process, surface
water will dissolve soluble elements, and oxides
and hydroxides of iron (goethite and hematite) will
form on top of the volcanogenic massive sulfide
(VMYS) deposits. The main tectonic settings for
Iranian VMS deposits are magmatic arcs, which
can be subdivided into volcanic primitive arc,
arc/intra-arc  rift, and back-arc settings and
Sanandgj-Sirjan zone is one of the structural zones
that host many VMS deposits in Iran (Mousivand
et a., 2018).

The study area is located southwest of Jiroft,
Kerman province. The main rock units include
vitric tuff, pelagic sediments, vol cano-sedimentary
rocks, gabbro and intermediate to mafic dykes.
Mineralization has occurred in  volcano-
sedimentary beds. The pelagic sedimentswhich are
composed of limestone, shale, sandstone, siltstone
and interlayers of pillow lava, are the main hosts
for mineralization. Surface oxidation of
mineralized zones has led to conversion of primary
sulfides to iron oxides and hydroxides to form
gossan. This study contributesto mineralogical and
geochemical composition and mineralization of
gossans to demonstrate how surface oxidation of
primary sulfides can play arole in locating VMS
mineralization at depth.

Materials and methods

A geological map with a scale of 1:5000 was
prepared during field and laboratory studies.
Twenty polished section were studied to identify
minera distributions and textures, and some of
them were chosen for scanning electron
microscopic (SEM) examinations. Fifteen rock
samples from the gossan horizons were chosen for
geochemical studies. The samples were taken from
across the mineralized horizon. Six rock samples
were taken from old mining site outcrops to
compare the geochemistry of gossans with other
surface mineralization. All sampleswere sent to the
laboratory for analysis by Inductively Coupled
Plasma Atomic Emission Spectroscopy (ICP-
AES). The rare earth element (REES) values were
measured by Inductively Coupled Plasma Mass
Spectrometry (ICP-MS). X-ray diffraction (XRD)
spectroscopy was used to identify mineralogy of 30
rock samples. All analyses were performed in the
central laboratory of the Geological Survey and
Mineral Exploration of Iran, in Tehran and Karg.

Results

The ore and gangue minerads have massive,
layered, disseminated, veinlet, breccia and
replacement textures. Based on mineralography,
XRD and SEM studies, the main minerals are
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hematite, goethite, quartz, and jarosite-group
minerals. The upper horizon of gossan, with 13
meters thickness has large volume of hematite and
gothite minerals. The enrichment of gold, arsenic,
antimony, silver, lead and bismuth were observed
in this zone. Thelower horizon, with athickness of
about 1.5 meters show anomalies of copper and
zinc elements. The highest amount of gold and
silver were measured about 18.5 and 120 g/ton,
respectively. The highest amount of lead element is
1.3 wt.%, which shows a positive correlation with
silver variations. The other values are copper 0.16
wt.%, arsenic 0.61 wt.%, bismuth 580 g/ton, and
antimony 280 g/ton.

Discussion

Trace and REEs geochemistry are useful in
identifying gossans and probable sources (Scott et
a., 2001). Geochemical studies also can be used to
separate mature from immature gossans. Although
the composition of gossans is influenced by early
composition of the ore, gossans with high content
of Pb (more than 4 wt.%) are usually considered
immature. The average Pb measured in the studied
gossansisabout 2210 g/ton. The Ag content isalso
low (less than 150 g/ton) and there is a relatively
linear relationship between increasing Ag and Pb
content. High values of copper often refer to a
lower degree of maturity. In the studied gossans,
the average amount of Cu is about 2900 g/ton,
which is much lower than the immature gossans
with average 1.6 wt.%. Therefore, the results of
chemical analysisindicate that these gossansarein
the category of mature ore bearing gossan.

The REE from La to Lu, is relatively consistent
with the shape of REE profiles for volcanogenic
massive sulfide mineralization and concurrent
massive sulfide gossans (Peter et a., 2003;
Volesky et al., 2017; Gieré, 1993). The pattern of
distribution of REEs shows small positive Eu
enrichment and zoning of precious mineral
elements confirms the possibility of orebody under
the gossans. Further exploration of volcanogenic

massive sulfide deposits is recommended for this
area.
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