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1-Introduction

The Sargaz volcanogenic massive sulfide deposit is located in southeastern Iran, northwest of Jiroft County.
The study area comprises a series of Upper Triassic-Jurassic volcanic, pyroclastic, and sedimentary rocks.
The morphology of this area is mountainous, with deep valleys, and accessibility is difficult, especially in
the eastern parts. Previous studies in this area indicate extensive volcanogenic massive sulfide copper-zinc
mineralization. The massive sulfide zone is located in basaltic and jasper horizons. Mineralization has
occurred in the shear stringer zone as veinlets. The massive sulfide mineralization in Sargaz mainly consists
of chalcopyrite, pyrite, and sphalerite with smaller amounts of galena and tennantite. The dominant textures
include massive, veinlet, and shear, indicating multi-stage formation. Most silicic-chlorite alteration is
observed around the mineralization zones. Analyses show that the major elements (Cu, Zn) are present at
high grades (Cu up to 6% and Zn up to 4%) and exhibit strong positive correlations. The rare-earth element
(REE) pattern with a negative Ce anomaly confirms a marine formation environment. The deposit forms
stratigraphic lenses, 10-40 m thick, between volcanic and sedimentary units. The high-grade sulfide zone
is surrounded by a low-grade stringer zone (veined) below. Based on the drill core data, the stratigraphic
horizons are observed from surface to depth: first flysch, then andesite, pyroclastic, jasper, massive sulfide
lens-stringer, and basalt.

2-Materials and Methods

After conducting field operations and sampling, thin sections were prepared for petrographic studies.
Microscopic studies were performed on 20 polished sections and 40 thin sections. To verify the accuracy
of the microscopic studies, 15 rock samples were taken from different parts of the deposit for XRD analysis
and analyzed in the laboratory of Zar Azma Mahan Minerals Company. To study the geochemical behavior
of major and trace elements, 35 samples were taken from the ore-bearing parts of the deposit. These samples
were then analyzed in the laboratory of Zar Azma Mahan Minerals Company using ICP-MS methods.

3-Results and Discussion

The target deposit is of Mesozoic age (Shahraki ghadimi, 2004). Available data indicate that the Sargaz
deposit was probably formed in the environment of a spreading intracontinental back-arc basin
(Baderzadeh, 2009). The mineralization zone is located within the basaltic unit, and the jasper-carbonate
horizon covers its upper part. Approaching the mineralization zone, the jasper-carbonate exfoliative unit is
formed right at the boundary between the lower pillow basalt rocks containing mineralization and the upper
andesite, pyroclastic, and flysch rocks. In the Sargaz massive sulfide deposit, pyrite is the most abundant
sulfide mineral, which is visible in almost all rock units. Chalcopyrite is highly abundant in the upper part
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of the mineralization zone. Siliceous, chloritic, argillic, and iron oxide alteration are closely related to
mineralization. The Sargaz deposit is a bimodal mafic volcanic massive sulfide deposit. The high-grade
mineral body is generally stratified and layered, lenticular, and parallel to the sedimentary and volcanic
units, but the low-grade horizon is veined and sheared. The stratified part of the deposit consists of pyrite,
chalcopyrite, tennantite, sphalerite, and pyrrhotite, which are located below the jasper exhalative horizon.
The vein-shear ore part in the stringer zone, with a stockwork and shear structure, contains pyrite and
chalcopyrite. At the edge of the massive sulfide zone, there is a thin pyrite-sphalerite zone that contains
low-grade zinc mineralization (Fig 1).
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Figure 1- a) Block model of the deposit body in the Surpac software environment, b) Schematic of the body of one of
the zones of the Sargaz copper and zinc deposit, ¢) Pillow basalt unit that is sometimes visible due to erosion of the
upper units, d) and e) Polished section of the massive sulfide zone containing pyrite (Py), chalcopyrite (Ccp),
tennantite (Tnt), sphalerite (Sp), galena (Gn), pyrrhotite (Po) and gangue (Gang) waste minerals, f) and g) Polished
section picture and core sample of the pyrite-sphalerite (Py-Sp) zone at the edge of the massive sulfide zone (according
to the shape of the deposit body), h) Polished section picture of the low-grade zone below the massive sulfide zone
(upper part of the stringer zone), and i) Core sample from the stringer zone containing silicic, chloritic alteration with
pyrite veins without mineralization. Mineral truncated symbols from (Whitney and Evans,2010)
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The normalized rare earth element pattern indicates a relative increase in HREE elements compared to
LREE. Based on the Pearson correlation coefficient, the copper element shows a positive correlation with
the zinc element.

4-Conclusion

In this research, mineralogy and petrology studies, along with geochemical studies of the main elements of
the deposit and rare and rare-earth elements in the Sargaz volcanogenic massive sulfide deposit, were
investigated. Mineralization is in the form of massive sulfide and stringer. The delineation of the deposit
body shows a regular mineral and rock zoning in the Sargaz deposit. Generally, mineralization is located
below the jasper zone. Geochemical studies indicate a correlation between the elements copper and zinc.
The study of the geochemistry of normalized rare-earth elements shows that HREEs exhibit a relative
increase compared to LREEs.
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Fig. 1. Massive sulfide deposits are significantly widespread in Iran. (a) Location of VMS and SEDEX deposits 1: Barika,

2: Bavanat, 3: Chah Gaz, 4: Darreh, 5: Nodeh, 6: Rameshk, 7: Sargaz, 8: Sheikh Ali, 9: Taknar, 10: Zourabad, 11: Chah
Mir, 12, Hossein abad, 13: Koushk, 14: Lakan, 15: Zarigan (Haj Sadeghi et al., 2017), (b) Geological map of the 1/1000

Sargaz mineralization zone, where the mineralization outcrop has a northwest-southeast trend.
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Fig. 2. (a) Location of the massive sulfide mineralization belt in Google Earth images in the Sargaz region, (b) Location

of this belt in the geological map of 100,000 Esfandaghe sheets (Shahraki ghadimi, 2004). The geological map is cropped
and includes only the aforementioned belt. As is clear, due to tectonic movements and displacement of rock units, the

mineralization belt has become spiral.

cdhile GBo Gho Gl (SB ol peolie Gl pla
ICP- ol o ey o S5 ol 3loice wald |, yolic
<o jlalad Gonliie wile (i oty 4 Cuns MS
Bazilio and Weinrich, ) il 1o ,55 5 (6 YL Colu 4
2012

axdllan 5 y90 Ao _suslivdsyn - ¥

LT sloKiw ) hegazmo Lol axlllas 3, 50 03g0ms
085 0 S Sl Sealygy 4 e smy 5 )l
LT sloasly wlad 5 )5 ole e - zaiie (o sl
opy slagii &5 wibee L lacdlil Jold adhie
Lo saimo )Lis g wims o JSiS 1 ddlate oK Jlgs
00s il 5l glo lacdlily ol s Ly LSS
A5 Sl yTs 5l o g wialsen agal slayals L
b Sl gy g oyl dihate [0 (pizmen ailaid)S I8
Sgdiso odlive (Sl )l B s S5y 5 50 Vo Loy Cualies
il 5 oIS e sabple S la Sl (gsl> oS

19

axdllao (g,
Sldlase 5J5| 4.1.7}4 B WY lnl.‘}u‘ 0l 6)31@9 6[.%4.:9.0.’
T o el T+ 5 S5 alaa T e b 55
350 280 4 ladiged (oulid IS 5 (b la Ty b ws S
5 @SS ool hoSS ln 0pS JE o)
Ol Gy 4 e diged V0 slass (s Cons 3 il
Loly; (Some dlge &8 i olKiulej] o XRD) oSl anil
28518 o 3590 (labe

robie (ploodgsy 1) 585 asllae jolaie &y caslsl )
HLls Jloals’ sl iz 5l diges YO Slaws bS5 Lol
odd Cdxr glewdl (soyr (il gy 4y Sl
bl b aid iy by, cpl 250 5JGT ACP-MS) Ll
(ol Sl barze 13 Gorliin Gozen (638 4 pazie
VB ) Gl e (asid o g Jedee Sl sles



a

Y O)Lo.«.i) N0 0)56 AF-¥ ).aJLJ

wa W K 5
A0yl Lgo).;)lf ‘s.glaw) o) ;’ﬁfwz;ﬂ@l,

S8 )18 basly plu (59 » a5 s o JSiS 1) 00g0e
Vg e Calid b s in gais, Sy 0¥ US)
oals plpie 4 2Bl ey xe e B0 alols o
S8 Gield ey g 8wl cpl sl sal olulis Slass]
(VU)o (hgeis) il (h95 Gl B L Lan a5 5 s
e Vo s JBlas b (S g, 9 ol slaasls
Gl (€ 5 d-F S) wims o oSt |, dilate Lol cilelis |
gl jladhie cobidans gte o5l oo jie Dlallas
Loay oVl a5 s asly ioal oy8 ol & Gos &
9 e J0EKie St ol Sl oS s o0 JoSi5
5 ddan aS(ealS 38105800 aY il o Siwduls
SN097 p ye 08 5l S Culid 5l g ol 13 b 4Y 5
R 099 el 92ly G slesy wdlaw (95 Sl
St glaaxly il 5 Koyl o5 (g g 5 F-F JS2)
Loy cws sbdiges ;0. 5 1-F JSE) wwo o JoSis |,
a Lol oS eaaline 5ypuls (5 ol 4 5 o)l S
oS oo 8 Bro ol e Sl rl o o] oog 00 S

S sloaly b 15615 b -
Wl Ggeid ) (L lacdlil o adlaie (B0 sla i o
5l Gule,d ol sais csslin olials aigSons
o3 obled g (2Bl Gg) Bd> el (30 slagis
gl 5o 8l glacdlil 5 (SerodlS g g ol glaasly

A8 geis, dalate Lol Slelay )l jo g atiis S p
5 Siwdole cloa b olan bacelsl 51 5 GBgi ol ogdle
&bl slacldlad onumo ylis aS o ls 0gzg ddlaie yo ks
ailaio ey G5 3 o Cesl GoseS bz o Jlnass]
obdanz ogw 0 Y VL lee 4 Al asl
Jo5Sie Job oslis oS5 45 Spdie oo adbaie
Lol (pgm;y Jaore cdaoLis 5 005 Siwdwls 5 (cwediw
OWESS TN IRV 1 AR DI PNPUE SERUN | BPS P
ol ;o galds 3l laie 4y aS 5 s 892 g aihaie jo e
wr 9 whme Sldlas Gulal p aiS (o Joe LS
b cou dihie SleassT glaasly (s li> sloojie
olis Slaslis wlas S 15 was Sle,Ss sleanls
kS a4 oy juil 5 bedlil o Sile sla S5 ams oo
R Sy C S 4 LS5 load (LS
S Glaygeis, caiied oS Slu,Fs sl L wileas
g o 0anlive sl § 05T o caw ST A Gows
b hol sl e 1ams o Lt dilaia (5L Lo Slallae
RECPSPSCRTINT I JENUIC Y St S IR
hal 0 wlelr cel (SHeSs slac s az S
wlasly ghals LSes 5 seiies 550 Ll aslons
Nhe el laasly o ALLS s (Fos5 e saled
LSSl (F JS0) el dalais jo agads SogST slocdlad
¥ JS)ailes S adad | osgame (Ko slaasly olos s>
S saaxly cn ez Sls Sl ) (2l slaasls (@

] 00 00l Ql’““"’ u...‘.ls Lng»‘j &9y 2 09gd5w GLDJ.\‘S )lS 9 )Lw _Y‘JSAAJ
Fig. 3. The mechanism of area faults is shown on the flycsh units.



a

- . -4 B3 .o . Lx
Yooyl VO 0,90 AfF-fF ).yl., A8 e Lgo).g)lf @»Lw OeR) ﬂ,;{-;wy’:‘ﬁj,
v

I Jasper and Calcite and Barite
Il Vassive Sulfide ore

AR

5 %5 Si-Chl Alteration and Py-Ccp-Sp low grade
074 Stringer zone
[ZX% Basalt

b o3gamme laSuls Lawgs 5 °r56°f 21 GLRLTE gy JIgi 5145 55 0 o JldlS’ St slaszly sogee slaiz oy -FUSS
9 w)d.l‘ XPL )5.1 B J K éla.a.n ) Cow (€) 9 (d) ).15[..4.1 sd.ul.i‘go ‘51‘).790 )JjLaJ J.cL.u wl) Coww (€) 9 (b) «(a) )JSLAJ loals
)‘ L:au’_»lS 03 ol.;,f LELQAJLM.J ML:GA Lg)l.a} 6[.!&0).'.@ J.QLMJ ‘CM..»I) Comw (]) 5(1)3(h)5(g)5(ﬂ ).NijLa.a SRS (o0 QLA.AAJ ‘) M%jﬁ

(Whitney and Evans, 2010)

Fig. 4. General stratigraphic column of rock units of the Sargaz copper deposit, ranging from sedimentary to volcaniclastic
successions and cut by boundary dikes. Figures (a), (b) and (c) on the right are field images. Figures (d), (¢) on the right
are thin sections in XPL light of andesite and pyroclastics. Figures (f), (g), (h), (i), and (j) on the right are drill cores.
Mineral truncated symbols from (Whitney and Evans, 2010).
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Fig. 5. XRD analysis of three samples from the zones of (a) siliceous-chlorite alteration (Qz-Chl), (b) siliceous-chlorite-
kaolinite (Qz-Chl-kln) and (c) oxidation (gypsum and siderite) (Gp-Sd). Mineral truncated symbols from (Whitney and

Evans,2010).
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Fig. 6. (a) Core sample from chloritic alteration within basaltic unit, (b) core sample from basaltic unit under low argillic
alteration and (c) outcrop of gossan at deposit surface and (d) PPL light microscopy picture of silicic (Qz)-chloritic (Chl)
alteration of sample a and (e) XPL light microscopy picture of core sample b where plagioclase minerals are transforming
to kaolinite (KIn)-sericite (Ser) and (f) PPL light microscopy picture of iron oxide alteration of picture c. Mineral truncated

symbols from (Whitney and Evans,2010)
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Fig. 7. (a) Block model of the deposit body in the Surpac software environment, (b) Schematic of the body of one of the
zones of the Sargaz copper and zinc deposit and (c) Pillow basalt unit that is sometimes visible due to erosion of the upper
units, (d) and (e) Polished section of the massive sulfide zone containing pyrite (Py), chalcopyrite (Ccp), tennantite (Tnt),
sphalerite (Sp), galena (Gn), pyrrhotite (Po) and gangue (Gang) waste minerals, (f) and (g) Polished section picture and
core sample of the pyrite-sphalerite (Py-Sp) zone at the edge of the massive sulfide zone (according to the shape of the
deposit body), (h) Polished section picture of the low-grade zone below the massive sulfide zone (upper part of the stringer

zone), and (i) Core sample from the stringer zone containing silicic, chloritic alteration with pyrite veins without
mineralization. Abbreviated mineral symbols from (Whitney and Evans, 2010).
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Table 1. Results of elemental analysis by ICP MS method of samples(ppm)

Sample
117H-38-ICP

117H-47-1CP
1402-S-6-MS
1402-S-7-MS
1402-S-8-MS
1402-S-9-MS
1402-S-10-MS
1402-S-11-MS
1402-Z-13-MS
1403-M-4-D-ICP
108Z-60-ICP
186Z-83-MS
186Z-93-MS
186Z-147-MS
186Z-157-MS
193Z-143-MS
195Z-30-MS
195Z-32-MS
195Z-37-MS
195Z-42-MS
195Z-52-MS
195Z-76-ICP
198Z-58-ICP
198Z-61-ICP
198Z-67-ICP
198Z-71-ICP
198Z-79-ICP
191Z-140-MS
1402-Z-5
1403-Z-15-1CP
117H-38-ICP

Ag(ppm) Al(ppm) As(ppm) Ba(ppm) Be(ppm)  Bi(ppm)  Ca(ppm) Cd(ppm) Ce(ppm) Co(ppm)
11 2629 120 259 0.15 14.8 56822 9.2 0.4 58.9
22 5951 120 92 0.15 102 54742 3.1 0.4 103.5
1.7 61133 89.1 56 0.15 7 2197 0.3 0.4 48.7
32 19716 78.9 1108 0.15 16.5 13610 0.3 0.4 29.6
28.6 1614 120 7 0.15 30.4 55296 12.8 0.4 243
42 6904 120 62 0.15 377 7685 2.3 0.4 251.7
3.7 5031 120 4 0.15 28.9 25218 2.1 0.4 172.2
143.7 1511 120 954 0.15 437 62748 6.4 0.4 34
0.4 71601 29 55 0.15 0.5 31996 0.08 1 25.3
0.4 80143 10.1 73 0.15 0.3 31822 0.5 19 39.9
122.2 3147 120 1071 0.15 57.7 27400 711.4 0.4 27.6
300 17331 120 1085 0.15 183.7 2792 86.5 0.4 74.6
439 1150 311 547 0.15 50.6 72234 169.2 6 1.3
0.7 64051 77.3 514 0.15 1.9 5478 4.7 10 20.7
12 38172 53.5 542 0.15 6.7 1478 1 2 9.1
0.8 66885 36.1 642 0.15 5 3469 0.3 0.4 323
4 4433 8 890 0.15 10.3 68462 0.7 12 0.8
65.7 512 120 260 0.15 85.8 2571 58.4 0.4 121
53.7 1046 120 95 0.15 99.2 1013 28.1 0.4 154.6
2.1 54636 51.4 28 0.15 4.9 5579 15.8 0.4 61.4
43 46119 120 504 0.15 53 10716 5.7 12 10.7
4.5 22350 120 1587 0.15 12 2894 1.5 0.4 61.9
2 51603 120 1117 0.8 33.5 47628 0.7 6 5
126.5 2121 120 525 0.15 412 25769 194.6 0.4 79.8
13.1 2666 120 845 0.15 16.6 67266 155 0.4 103.6
2.4 26082 120 985 0.15 4.8 1420 4.5 0.4 238
49 19508 120 449 0.15 8.4 947 12.1 0.4 70.2
5 75768 73.5 1405 0.15 0.3 3409 0.5 9 44.8
0.7 31997 50 158 0.15 24 530 0.3 0.4 14.9
0.4 81536 10.1 294 0.15 0.2 41242 0.1 0.4 28.3
6 0.4 7078 0.5 0.08 0.08 120000 0.97 0.7 0.4
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Sample
117H-47-ICP

1402-S-6-MS
1402-S-7-MS
1402-S-8-MS
1402-S-9-MS
1402-S-10-MS
1402-S-11-MS
1402-Z-13-MS
1403-M-4-D-ICP
108Z-60-ICP
186Z-83-MS
186Z-93-MS
186Z-147-MS
186Z-157-MS
193Z-143-MS
195Z-30-MS
195Z-32-MS
195Z-37-MS
195Z-42-MS
195Z-52-MS
195Z-76-ICP
198Z-58-ICP
198Z-61-ICP
198Z-67-1CP
198Z-71-ICP
198Z-79-ICP
191Z-140-MS
1402-Z-5
1403-Z-15-I1CP
117H-38-I1CP
117H-47-1CP
1402-S-6-MS
1402-S-7-MS
1402-S-8-MS
1402-S-9-MS
1402-S-10-MS
1402-S-11-MS
1402-Z-13-MS
1403-M-4-D-ICP
108Z-60-ICP
186Z-83-MS
186Z2-93-MS
186Z-147-MS

Ag(ppm)

34
194
314

489

425
7526

0.8
14752

Al(ppm)

0.4
0.7
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.8
0.4
0.9
0.8
1.6
0.4
0.4
0.4
0.7
1.5
0.4
1.3
0.4
0.4
0.7
0.4
1.6
0.5
0.6

As(ppm)

2353
52
5246
60000
1492
766
60000
208
131
60000
60000
33893
503
309
86
11214
60000
60000
2707
396
351
2089
60000
4506
334
1215
6189
65
130

27
20

14
20

14

Ba(ppm)

0.7
1.1
1.1
0.4
0.4
0.4
0.8
1.5
2
0.4
0.7
0.7
2.5
2.1
3.7
2.7
0.5
0.6
1.9
3.7
0.8
2.8
0.5
0.7
1.1
0.8
2.4
1.8
1.7
0.08
0.1
0.2
0.2
0.08
0.08
0.08
0.2
0.2
0.2
0.08
0.08
0.1
0.3

Be(ppm)

0.2
0.6
0.5
0.08
0.08
0.08
0.5
0.7
1
0.08
0.1
0.2
1.4
1.4
1.5
1.7
0.08
0.08

22
0.3
L5
0.08
0.2
0.7
0.3
1.4
1.1
0.7
30000
30000
30000
30000
5146
13505
19624
1037
18388
30000
1043
2245
16071
30000

Bi(ppm)

0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.7
0.08
0.08
0.28
1.15
0.08
1.35
2.01
0.08
0.08
0.08
0.64
0.08
1.04
0.08
0.08
0.08
0.08
0.41
0.08
0.83
1217
760
1188
433
1164
298
458
1550
1710
1523
447
169
3157
1324

Ca(ppm)

120000
120000
120000
120000
120000
120000
120000
47768
59506
120000
120000
19467
57862
45753
60527
15933
120000
120000
120000
73343
120000
120000
120000
120000
98042
120000
120000
75388
56906
29.2
40.9
96.9
53.8
85.9
221.2
78.5
76.8
1.5
0.4
1142
380
36.8
5.1

Cd(ppm)
0.92
1.03
1.02
0.89
0.87
0.88
0.96
1.21
1.97
0.91
0.97
1.03
1.64

1.1
1.59
1.54
0.9
0.96
1.15
1.8
0.96
1.54
0.89
0.92
0.98
0.94
1.52

1.26
189
0.8
0.8
0.8
0.8
0.8
0.8
0.8
42650
24124
250
156
109
12023

Ce(ppm)
0.8
12
0.9
0.6
0.6
0.6
0.7
12
1.6
0.7
0.7
0.7
1.4
1.9
1.6
0.9
0.7
0.7
1.7
2.3
0.9
1.4
0.7
0.7
1.4

1
1.7
1.8
1.4
0.8
0.8
22

1
0.8
0.8
0.8
0.8
27

0.8
0.8
0.8
1.9

Co(ppm)
0.4
0.4
0.4
22
0.4
0.4
22
0.4
0.4
29
12
1.9
0.4
0.4
0.4
1.4
1.7
1.5
0.4
0.4
0.4

3
14
0.4
0.4
0.4
0.4
0.4
0.4

1
0.7
22
1.6
0.4
0.4
0.4
14
49

17.3
0.6
1.6
22
10.6
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Sample
186Z-157-MS

193Z-143-MS
195Z-30-MS
195Z-32-MS
195Z-37-MS
195Z-42-MS
195Z-52-MS
195Z-76-ICP
198Z-58-ICP
198Z-61-ICP
198Z-67-ICP
198Z-71-ICP
198Z-79-ICP
191Z-140-MS
1402-Z-5
1403-Z-15-1CP
117H-38-ICP
117H-47-1CP
1402-S-6-MS
1402-S-7-MS
1402-S-8-MS
1402-S-9-MS
1402-S-10-MS
1402-S-11-MS
1402-Z-13-MS
1403-M-4-D-ICP
108Z-60-ICP
186Z2-83-MS
186Z-93-MS
186Z-147-MS
186Z-157-MS
193Z-143-MS
195Z-30-MS
195Z-32-MS
195Z-37-MS
195Z-42-MS
195Z-52-MS
195Z-76-ICP
198Z-58-ICP
198Z-61-ICP
Sample
198Z-67-ICP
198Z-71-ICP

Ag(ppm)
19043
25814

897
0.8
0.8
0.8
14720
0.8
846
0.8
0.8
2340
1475
21716
465
13620

37
26
Ni(ppm)
15
7

Al(ppm)

0.8
2
14
0.8
0.8
0.8
8
0.8
6
0.8
2
0.8
0.8
7
1
4
126
79
574
413
837
0.8
0.8
569
220
767
344
2158
441
944
34
852
1343
1006
1560
2364
240
121
4858
560
P(ppm)
210
0.8

As(ppm)

9
15

40
22
16
24

23
20
29
26
19

1403
141
49
255
334
269
199
1256
644
1621
20215
4253
903
95
73
59
671
1783
1706
5468
7575
4319
891
1215
Pb(ppm)
1989
314

Ba(ppm)

0.3
0.3
0.4
0.08
0.08
0.3
0.5
0.1
0.3
0.08
0.08
0.2
0.1
0.3
0.3
0.2
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
1.81
0.04
0.04
0.04
0.04
0.04
0.04
0.33
0.04
0.04
0.04
0.66
0.04
0.24
0.04
Pr(ppm)
0.04
0.04

Be(ppm)
3138
30000
2090
180
207
30000
30000
30000
30000
1592
4348
30000
18355
30000
30000
30000

[ N O oS oS L N N N

AW <
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Rb(ppm)
3
7

Bi(ppm)

73
475
3861
279
182
765
315
466
5540
481
1729
335
301
1021
399
1102
40000
40000
40000
40000
40000
40000
40000
40000
3692
1024
40000
40000
40000
40000
40000
40000
12571
40000
40000
40000
40000
40000
40000
40000
S(ppm)
40000
40000

Ca(ppm)

275
8.9
0.5

380.9

497.3

492
133

144.1
23

1182

76.1
28.1
67.8
5.1
26.9
0.6
17.2
6.1
4.4
4.7
16.5
10.4
15.4
9.5

12
198.7
76.7
22.1
3.9
1.7
2.1
2
61.6
24.8
2.8
10
53
6.6
835
Sb(ppm)
8.9
4.6

Cd(ppm)

464
907
129
0.8
0.8
0.8
237
0.8
213
0.8
0.8
0.8
0.8
686
128
24766
0.4
1.5
23
6.2
1.5
0.4
0.5
1.2
40.9
36.3
0.9
6.2
0.5
29.8
10.3
32
29
32
3.9
114
10.4
7.6
7.1
1.7
Sc(ppm)
0.4
7.9

Ce(ppm)

2.8
24
1.1
1.3
1.4
1.6
3.8
1.1
5.4
0.8
0.8
2
1
2.8
1.9
L5
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
Se(ppm)
0.4
0.4

Co(ppm)
2.6
8.9
11.5
0.8
1.3
29
12.1
1.1
11.6
0.6
0.9
0.8
0.7
8.7
2.6
5.6
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
1.4
0.08
0.08
0.08
23
0.08
29
2.4
0.08
0.08
0.08
22
0.08
1.5
0.08
Sm(ppm)
0.08
0.08

ARF
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Sample Ag(ppm)  Al(ppm)  As(ppm) Ba(ppm) Be(ppm)  Bi(ppm)  Ca(ppm) Cd(ppm) Ce(ppm) Co(ppm)
198Z-79-ICP 5 0.8 675 0.04 6 40000 4.6 4.7 0.4 0.08
191Z-140-MS 13 1013 170 0.04 27 40000 1.8 32.7 0.4 12
1402-Z-5 5 0.8 58 0.04 5 40000 1.1 6.1 0.4 0.08
1403-Z-15-ICP 30 340 59 0.04 21 937 1 36.7 0.4 0.8
117H-38-1CP 0.1 62 0.08 0.3 6.6 0.08 0.8 112 0.08 2.2
117H-47-1CP 0.08 41.8 0.08 0.3 75 0.08 425 5.7 0.1 1.9
1402-5-6-MS 0.2 1.5 0.2 0.3 3.2 0.08 4376 9.4 0.2 1.7
1402-S-7-MS 0.2 31.8 0.1 03 5 0.08 1507 23 0.2 0.9
1402-S-8-MS 0.6 16.3 0.08 0.2 103 0.08 0.8 113 0.08 9
1402-5-9-MS 0.08 2 0.08 0.2 20.7 0.08 0.8 8.4 0.08 0.2
1402-S-10-MS 0.08 7.4 0.08 0.2 14.9 0.08 0.8 232 0.08 1.4
1402-S-11-MS 0.5 46.1 0.08 0.3 16.5 0.08 0.8 15.7 0.2 1.1
1402-Z-13-MS 0.1 102.7 0.3 0.4 1.3 0.08 2470 0.2 0.2 0.2
1403-M-4-D-ICP 03 585.8 0.2 0.5 0.4 0.08 3998 0.08 0.2 0.4
108Z-60-ICP 0.8 29.1 0.08 0.3 19.1 0.08 0.8 13.7 0.08 0.6
186Z-83-MS 2.1 55 0.08 0.3 41 0.08 0.8 4.7 0.08 1.1
1862-93-MS 0.7 69.6 0.08 0.3 10.3 0.08 0.8 0.2 0.1 33
186Z-147-MS 0.4 213 03 0.5 1.7 0.08 7149 03 03 0.7
186Z-157-MS 1.4 9.1 0.3 0.4 33 0.08 784 0.7 0.4 1
193Z-143-MS 0.5 6.6 0.4 0.5 2.1 0.08 6342 0.8 0.4 0.6
195Z-30-MS 0.9 337.6 0.08 0.5 33 0.08 100 0.3 04 1.2
195Z-32-MS 1.3 8.1 0.5 0.3 278 0.08 0.8 233 0.08 23
195Z-37-MS 1 35 0.08 0.3 28.4 0.08 0.8 28.6 0.08 2.1
1952-42-MS 02 10.4 02 0.4 4.1 0.08 949 0.6 03 0.9
195Z-52-MS 0.9 18.4 0.3 0.6 2.3 0.08 1404 7.2 0.5 0.9
195Z-76-1CP 0.08 33.8 0.1 03 6.2 0.08 1724 4.8 0.1 0.6
198Z-58-1CP 2.2 127.2 0.4 0.5 6.7 0.08 1934 0.9 0.3 45
198Z-61-1CP 0.4 449 0.08 0.3 13 0.08 0.8 14.1 0.08 13
198Z-67-ICP 0.08 56.7 0.08 03 10.2 0.08 0.8 6.4 0.1 4
198Z-71-ICP 0.08 292 02 03 2.9 0.08 1275 35 02 0.9
198Z-79-1CP 0.08 3.1 0.08 0.3 52 0.08 615 2.9 0.2 0.6
191Z-140-MS 0.5 182 0.3 0.4 0.6 0.08 9087 0.6 0.3 2.1
1402-Z-5 0.2 6 0.2 0.4 1.8 0.08 542 12 0.3 0.9
1403-Z-15-1CP 0.08 429.8 0.2 0.4 0.4 0.08 3646 0.2 0.2 0.2
Sample V(ppm)  W(ppm)  Y(ppm) Yb(ppm) Zn(ppm)  Zr(ppm)
117H-38-1CP 16 0.8 1 1.16 2769 7
117H-47-1CP 35 0.8 3.1 2.84 3252 16
1402-5-6-MS 248 2.3 74 2.82 234 44
1402-S-7-MS 109 1.9 6.7 2.08 334 19
1402-5-8-MS 18 1.2 1 3.19 6144 10
1402-S-9-MS 39 0.8 0.4 5.07 937 13
Sample V(ppm)  W(ppm)  Y(ppm)  Yb(ppm) Zn(ppm)  Zr(ppm)
1402-S-10-MS 20 0.8 0.6 4.53 1006 11
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Sample Ag(ppm) Al(ppm) As(ppm) Ba(ppm)
1402-S-11-MS 157 08 76 421
1402-Z-13-MS 295 08 95 1.74

1403-M-4-D-ICP 247 08 10.4 1.71
108Z-60-ICP 43 13 09 3.63
186Z-83-MS 247 08 2.8 3.29
186Z-93-MS 24 08 37 0.04
186Z-147-MS 290 1.7 2.7 3.44
186Z-157-MS 30 0.8 17.3 2.9
193Z-143-MS 170 13 247 2.92
195Z-30-MS 130 14 23 2.02
195Z-32-MS 11 0.8 0.9 4.27
195Z-37-MS 10 08 15 422
195Z-42-MS 141 3 17.7 5.54
1952-52-MS 33 13 30 441
195Z-76-ICP 04 12 37 3.61
198Z-58-ICP 480 46 29.4 5.03
198Z-61-ICP 39 1.4 1.1 4.23
198Z-67-ICP 38 08 37 2.7
198Z-71-ICP 31 08 94 2.57
198Z-79-ICP 66 11 5 3.08
191Z-140-MS 323 23 23 439

1402-Z-5 42 0.8 18.4 3.03
1403-7-15-ICP 244 08 10.7 1.91

Be(ppm)  Bi(ppm)  Ca(ppm)  Cd(ppm)  Ce(ppm) Co(ppm)
828 10
99 31
180 53

40000 11
19201 9
40000 4
1945 61
156 90
109 55
239 23
25870 12
16553 12
8517 86
3610 102
330 24
3103 61
40000 13
5622 12
1052 52
2454 35
323 83
149 76
79 49
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Fig. 8. Diagram of rare earth elements in the sulfide part of the Sargaz deposit normalized to chondrite (Boynton, 1984).
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Table 2. Pearson correlation table on some elements of the deposit
Ag As Ba Bi Cd Co Cu Fe Mg Mn Mo Ni Pb Rb ) Sb w Zn

Ag 1.00 0.30 0.27 0.86 0.44 0.08 0.77 0.23 -0.57 -0.15 0.56 0.07 0.31 -0.11 0.19 0.63 -0.20 0.53
As 0.30 1.00 0.10 0.33 0.12 0.46 0.29 0.79 -0.11 -0.40 0.44 -0.10 0.23 -0.19 0.68 0.32 -0.03 0.07
Ba 0.27 0.10 1.00 0.14 0.21 -0.34 0.09 -0.01 -0.11 0.22 -0.06 -0.20 0.20 0.20 0.13 0.19 0.18 0.05
Bi 0.86 0.33 0.14 1.00 0.33 0.30 0.76 0.23 -0.58 -0.09 0.81 0.09 0.19 -0.19 0.25 0.54 -0.19 0.55
Cd 0.44 0.12 0.21 0.33 1.00 -0.09 0.52 0.04 -0.37 -0.04 0.14 0.11 0.77 -0.15 0.14 0.92 -0.07 0.74
Co 0.08 0.46 -0.34 0.30 -0.09 1.00 0.10 0.55 -0.19 -0.42 0.61 0.04 -0.10 -0.31 0.24 0.08 -0.22 -0.01
Cu 0.77 0.29 0.09 0.76 0.52 0.10 1.00 0.20 -0.74 -0.05 0.63 0.18 0.26 -0.27 0.21 0.66 -0.22 0.70
Fe 0.23 0.79 -0.01 0.23 0.04 0.55 0.20 1.00 0.05 -0.46 0.42 0.07 0.18 -0.32 0.55 0.24 0.22 -0.06
Mg -0.57 -0.11 -0.11 -0.58 -0.37 -0.19 -0.74 0.05 1.00 -0.07 -0.52 -0.03 -0.13 0.23 0.02 -0.48 0.34 -0.45
Mn -0.15 -0.40 0.22 -0.09 -0.04 -0.42 -0.05 -0.46 -0.07 1.00 -0.36 0.01 -0.21 -0.20 -0.33 -0.19 0.39 0.06
Mo 0.56 0.44 -0.06 0.81 0.14 0.61 0.63 0.42 -0.52 -0.36 1.00 0.16 0.10 -0.25 0.28 0.38 -0.23 0.35
Ni 0.07 -0.10 -0.20 0.09 0.11 0.04 0.18 0.07 -0.03 0.01 0.16 1.00 0.06 -0.10 -0.45 0.18 -0.01 0.05
Pb 0.31 0.23 0.20 0.19 0.77 -0.10 0.26 0.18 -0.13 -0.21 0.10 0.06 1.00 0.01 0.15 0.74 0.10 0.40
Rb -0.11 -0.19 0.20 -0.19 -0.15 -0.31 -0.27 -0.32 0.23 -0.20 -0.25 -0.10 0.01 1.00 0.02 -0.15 0.03 -0.25
S 0.19 0.68 0.13 0.25 0.14 0.24 0.21 0.55 0.02 -0.33 0.28 -0.45 0.15 0.02 1.00 0.19 0.16 0.25
Sb 0.63 0.32 0.19 0.54 0.92 0.08 0.66 0.24 -0.48 -0.19 0.38 0.18 0.74 -0.15 0.19 1.00 -0.11 0.71
W -0.20 -0.03 0.18 -0.19 -0.07 -0.22 -0.22 0.22 0.34 0.39 -0.23 -0.01 0.10 0.03 0.16 -0.11 1.00 -0.11
Zn 0.53 0.07 0.05 0.55 0.74 -0.01 0.70 -0.06 -0.45 0.06 0.35 0.05 0.40 -0.25 0.25 0.71 -0.11 1.00

50000

;J-ul )LleS uj.».w)ls )‘ [ w'-)).t 6[.0:449.44 )-b ppm u,uL.u‘ r o)_w 9 LS9y U )L..c )byu —iJiw
Fig. 9. Graph of copper, zinc, lead, and silver grades based on ppm in samples taken from the ore of the Sargaz
deposit.
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