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Abstract 

This study focuses on gold and related mineral investigation, in the Western Chagai belt. Sixteen oxide coloration 

and hydrothermal alteration zones, including a large quartz vein, have been examined and geochemically sampled 

for gold and other associated metals. Geological and geochemical studies indicate that the Saindak and Sorzuk 

Kaur xenothermal alteration zones (Toposheet No. 30 G/11), Reku Diq (previously called Koh-e-Dalil) 

tourmaline-quartz breccia pipe (Toposheet No. 30 K/4), and Sorbarot Koh quartz vein (Toposheet No. 30 G/16) 

exhibit anomalies indicative of gold mineralization. The average gold concentrations in these zones are 0.14 ppm, 

0.34 ppm, 0.35 ppm, and 0.57 ppm, respectively. 

 

Keywords: Gold mineralization, Chagai arc, Baluchistan, Pakistan. 

 

Introduction 

Gold has been valued as a precious metal 

since ancient times and holds a significant 

position in the modern world economy. 

Advances in technology and relatively 

higher gold prices have enabled the 

exploration of lower grade ores, down to 

0.05 ounces per ton or even lower for some 

deposits (Lucas, 1985). For Run-of-mine 

oxide heap leach open pit mines in Nevada 

a cutoff grade is typically 0.004 ounces per 

short ton, or 0.14 ppm (Butler et al., 2024).  

In 1986, the Geological Survey of Pakistan 

initiated a gold investigation project in the 

Chagai magmatic arc, developing a project 

for gold and other associated metals. This 

project involved geological and 

hydrothermal alteration studies, as well as 

geochemical sampling, in the western 

Chagai Belt. Initial investigations included 

field studies and sampling of sixteen areas 

(Fig. 1) (Toposheet Nos. 30 G/2, 30 G/7, 30 

G/11, 30 G/12, 30 G/16, and 30 K/4), 

resulting in 355 geochemical samples 

analyzed at the Resource Development 

Corporation and the Geological Survey of 

Pakistan. Early geological work in the area 

dates back to Vredenburg (1901), followed 

by reconnaissance and mapping by Hunting 

Survey Corporation in the 1960s. Despite 

this, the potential for gold mineralization 

remains underexplored, with a lack of 

systematic and detailed geochemical 

studies. The core persistence of this 

research is to identify hydrothermally 

altered oxide zones with gold 

mineralization, gather relevant data, and 

present detailed geochemical signatures to 

pinpoint areas with anomalous gold 

concentrations for further detailed analysis 
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and future exploration. The gold was first 

reported from a tourmaline-quartz breccia 

pipe in Koh-e-Dalil porphyry copper 

deposit (discovered by Khan and Ahmad, 

1981, which was later on renamed as Reko 

Diq porphyry Cu-Mo-Au deposit by BHP) 

along with many other occurrences in the 

western Chagai magmatic belt by Siddiqui 

et al. (1989).  

 

Geo-Tectonic Setting  

The Chagai magmatic arc, also known as 

the Chagai belt, Major part of this arc is 

situated in the eruptive zone of western part 

of Pakistan; a small part of it also extends 

towards west in Iran and towards north in 

Afghanistan. This arc is about 500 km in 

length, 150 km in width and trends in an 

EW direction (Siddiqui et al., 2005; 2012). 

The Arc is convex towards south and is 

terminated by the Chaman Transform Fault 

Zone in the east and Harirud Fault Zone in 

the west (Spector and Associates Ltd., 

1981; Farah et al., 1984). The arc is one of 

the most metallogenically important 

mountain belts of Pakistan.  Many 

economic metal deposits including 

porphyry (Mo-Au-Ag), manto and vein 

type copper, stratiform and skarn type iron, 

volcanogenic gold-silver and sulphur, 

kuroko type lead zinc-silver-copper are 

found intimately associated with its 

magmatic rocks (Siddiqui et al., 2007). 

The oldest rock formation within the belt is 

the Late Cretaceous Sinjrani Volcanic 

Group, characterized by submarine 

stratified layers of andesitic flow and 

pyroclastics such as agglomerate, volcanic 

breccia, conglomerate, and tuff, with a total 

thickness of around 1000 meters (Hunting 

Survey Corporation, 1960). Arthurton et al. 

(1979 and 1982) attributed a Senonian age 

to this group based on Maastrichtian fauna 

found in the overlying Humai Formation, 

estimating its total thickness at about 

10,000 meters. During the Late Cretaceous 

to Miocene periods, the Sinjrani Volcanic 

Group was intruded by the Chagai 

Intrusions, representing multiple phases of 

intrusion including granite, adamellite, 

granodiorite, tonalite, diorite, and gabbro. 

The predominant sedimentary formations 

in the region include limestone and 

conglomerate of the Humai Formation 

(Late Cretaceous), shale, sandstone, 

siltstone, and limestone inter bedded with 

mafic lava flows and pyroclastics of the 

Juzzak Formation (Paleocene-Eocene), and 

the Saindak Formation (Eocene). 

Additionally, the sequence comprises shale, 

siltstone, sandstone, and limestone of the 

Amalaf Formation, volcanic conglomerate, 

and tuffaceous sandstone of the Dalbandin 

Formation (Miocene-Pliocene), Buze 

Mashi Kok Volcanic Group (Miocene) and 

Quaternary lava flows and pyroclastic 

rocks of the Koh-e-Sultan volcanic Group 

(Fig. 2). 

Methodology 

The concentrations of various elements, 

including Pb, Zn, Ni, Co, Mn, Cu, Ag, and 

Au, were determined using Atomic 

Absorption Spectroscopy (AAS) with a 

Perkin Elmer AAnalyst-300 instrument. 

Samples were first dried, ground into a fine 

powder, and treated with hydrofluoric acid 

to remove silica, followed by aqua regia 

digestion. The samples were diluted to a 

known volume for analysis. Calibration 

standards from Perkin Elmer were used to 

generate a calibration curve, ensuring 

accuracy. The Flame method was employed 

for detecting elements at ppm levels, while 

the Graphite Furnace method was used for 

ppb level detection, utilizing single-

element hollow cathode lamps. Quality 

control was maintained by running reagent 

blanks and quality control samples. The 
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Fig, 1 Geological map of Chagai-Raskoh magmaic arc showing study area in the western part of the Chagai arc (after Bakr and Jackson 1964; Siddiqui et al., 2012, 2017).
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Fig. 2 Generalized stratigraphic sequence in Chagai arc (Modified after Siddiqui, 1996, 2004; Siddiqui., et al., 

2017; 2024).   
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 concentrations of the elements were 

calculated by comparing the absorbance 

readings to the calibration curves, ensuring 

precise and accurate elemental analysis as 

mentioned by Cantle (1982). 

 

Results 

Field Investigation 

The field investigation was carried out in 

the western part of the Chagai magmatic 

arc. Initially 16 oxide colouring zone were 

studied and sampled which included; 1) 

Saindak Kaur Xenothermal Alteration 

Zone, 2) Saindak Fault Oxide Coloration 

Zone, 3) Sorzuk Kaur Xenothermal 

Alteration Zone, 4) Saindak Koh Oxide 

Coloration Zone, 5) Mukak Koh Oxide 

Coloration Zone, 6) Badin Khan Karez  

Oxide Colouration Zone, 7) Amalaf Kaur 

Oxide Coloration Zone, 8) Amalaf Koh 

Oxide Coloration Zone, 9) Sorzuk Road 

Oxide Coloration Zone, 10) Sorzuk Koh 

Oxide Coloration Zone, 11) Miskan Karez 

Oxide colouration zoned, 12) Piran Rud 

Oxide Coloration zone, 13) Beduk Chah 

Oxide colouration zone, 14) Pogi Oxide 

coloration zone, 15) Tourmaline-quartz 

Breccia pipe of Koh-e-Dalil Porphyry Cu-

Mo Prospect and  16) Saorbarot Koh Quartz 

Vein.  

 

Saindak Kaur Xenothermal Alteration 

Zone 

This zone occurs about 9 km northeast of 

Amalaf (Topo sheet No. 30 G/111). The 

zone stretches in a 400 x 150 meters area 

and trends in a NW-SE direction. 

Xenothermal alteration in the area is mainly 

associated with a stratified pyroclastic 

sequence belonging to the Saindak 

Formation of Eocene age (H.S.C., 1960), 

which is mainly composed of tuffaceous 

siltstone, tuff, and agglomerate, along with 

a tourmaline-quartz intrusive breccia pipe 

and a small dyke-like intrusion of quartz 

porphyry. Both are elongated in a NW 

direction and are intruded into the 

tuffaceous pyroclastic sequence. 

Xenothermal alteration in the area is mainly 

represented by tourmalinization, 

silicification, and argillization with minor 

propylitization and gypsification (Siddiqui 

et al., 1986). The above pyroclastic 

sequence and quartz porphyry intrusions 

are transected by a swarm of NW and NS 

trending post-alteration dykes, mainly 

andesitic and dioritic in concentration in 

these samples ranged from less than 0.02 

ppm to 2.12 ppm, with an average of 0.14 

ppm and a standard deviation of ±0.31. 

composition and porphyritic in texture. The 

zone is represented by jarosite, goethite, 

and hematitic imonites with minor 

tungstite, scheelite and molybdite.in 

texture. Oxide mineralization in the area  

 

Geochemistry 

A total of 72 rock chip geochemical 

samples were collected from this zone. All 

samples were analyzed for gold and other 

associated metals (Table 1). Gold 

concentration in these samples ranged from 

less than 0.02 ppm to 2.12 ppm, with an 

average of 0.14 ppm and a standard 

deviation of ±0.31. 
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Fig. 3 Geological Map of a part of Saindak Quadrangle (after Schmidt et al., 1963; Siddiqui et al., 1989). A) 

Saindak Kaur Xenothermal Alteration Zone, and B) Saindak Fault Oxide Coloration Zone. 

 

 

Table 1 Chemical analysis of samples collected from Saindak Kaur Xenothermal Alteration Zone (after Siddiqui 

et al., 1989). The zone is abbreviated as SAKXAZ. Abbreviations; N.D means not determined, and (-) mean less 

than  

Section 
Sample 

ID 

Zn 

ppm 

Pb 

ppm 

Ni 

ppm 

Co 

ppm 

Cu 

ppm 

Mo 

ppm 

Ag 

ppm 

Mn 

ppm 

W 

ppm 

Au 

ppm 

SAKXAZ 

H4 19 73 48 13 29 0 2 49 -20 0.7 

H4' 47 424 41 19 22 0 0 90 -20 0.5 

H5 21 69 7 10 28 0 0 64 -20 0.05 

H5' 48 230 11 10 41 0 0 92 -20 0.12 

H6 19 65 41 16 0 0 0 21 40 1.2 

H6' 19 136 27 10 11 0 0 34 -20 0.2 

H7 229 55 96 129 133 0 2 2923 -20 -0.05 

H7' 105 44 41 16 77 0 0 28 -20 -0.05 

H8 124 121 14 8 48 0 0 55 -20 -0.05 

H6' 138 151 41 16 48 0 6 21 -20 -0.05 

H7' 957 166 41 10 11 0 4 28 -20 2.2 

I 4 28 44 21 0 133 0 0 55 -20 0.05 

I 5 24 21 5 9 23 -20 0 67 -20 0.02 

I 6 21 17 11 9 25 -20 2 44 -20 0 

I 7' 0 22 21 8 26 0 0 21 -20 -0.05 

1'5 9 0 21 0 0 0 0 34 -20 -0.05 

1'7 292 59 21 0 44 0 2 21 -20 -0.05 

1'7 9 0 14 0 15 0 0 21 -20 -0.05 

J4 0 472 34 0.13 0 0 0 174 -20 -0.05 

J5 56 29 17 21 13 -20 0 803 -20 0.02 

35' 0 0 21 19 0 0 0 174 -20 -0.05 

J6 21 17 14 7 25 250 0 83 -20 0.48 
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J7 35 26 5 7 28 20 0 72 -20 0.05 

37' 16 38 5 7 20 -20 0 50 -20 0.05 

K4 28 66 27 32 0 0 2 146 -20 -0.05 

K5 158 56 18 12 20 30 0 1001 -20 0 

K6 134 70 31 21 212 -20 0 806 -20 0 

K7 27 17 18 -20 0 65 -20 0  0 

K8 35 17 7 7 13 -20 0 139 -20 0 

K'5 99 79 13 14 72 -20 0 492 -20 0.26 

K'7 29 35 11 9 13 -20 0 139 -20 0 

K'8 224 166 27 13 22 0 2 28 -20 -0.05 

L5 145 73 4 9 492 40 2 562 20 0.2 

L6 140 90 8 7 41 0 0 1634 -20 0 

L7 24 25 8 7 13 0 0 42 -20 0.14 

L7' 11 0 14 0 0 0 2 21 -20 0.08 

L8 32 38 14 7 13 -20 0 83 -20 0 

L'7 51 37 11 7 48 0 2 143 -20 -0.05 

L'7 18 37 11 10 0 0 2 21 -20 -0.05 

M5 37 0 22 10 24 0 2 0 -20 -0.05 

M6 113 22 17 12 13 0 0 431 -20 0 

M7 113 30 34 19 25 0 0 1252 -20 0 

M8' 22 37 8 0 31 0 2 58 -20 -0.05 

M'7' 11 120 8 0 0 0 0 -21 -20 0.2 

N5 37 0 22 10 24 0 2 0 -20 0.05 

N6 96 90 20 13 0 0 2 466 -20 0.08 

N7' 21 24 7 7 10 -20 0 67 -20 0 

N8' 59 26 11 9 25 -20 0 180 -20 0 

N'6' 29 83 11 7 52 0 2 42 -20 0.1 

N'7 18 22 8 10 43 0 2 32 20 -0.05 

7 29 48 10 7 38 20 0 100 -20 0.17 

08' 26 37 14 7 26 0 2 47 -20 0.08 

P8 13 37 7 7 100 N.D -2 55 N.D 0.2 

P9 11 97 -5 -5 19 N.D -2 31 N.D 0.04 

PIO 49 0 -5 -5 0 N.D -2 24 N.D 0.04 

Q7 49 85 7 -5 0 N.D -2 17 N.D 0.04 

Q8 24 54 7 -5 0 N.D -2 13 N.D 0.13 

Q4 16 117 6 -5 0 N.D -2 24 N.D 0.06 

Qll 16 47 -5 -5 0 N.D -2 36 N.D 0.2 

R8 7 26 -5 -5 0 N.D -2 13 N.D 0.06 

R9 10 63 -5 -5 0 N.D -2 16 N.D 0.04 

RIO 16 97 7 -5 0 N.D -2 39 N.D 0.04 

Rll 13 70 5 -5 0 N.D -2 58 N.D 0 

59 40 29 -5 -5 20 N.D -2 8 N.D 0.6 

510 49 36 12 -5 40 N.D -2 83 N.D 0.09 

511 49 30 7 7 0 N.D -2 39 N.D 0.09 

T9 10 41 -5 -5 28 N.D -2 16 N.D 0.06 

T10 12 50 -5 -5 0 N.D -2 22 N.D 0 
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Til 15 94 6 -5 0 N.D -2 >>  N.D 0.09 

Oil 25 27 6 -5 33 N.D -2 18 N.D 0.13 

 

Saindak Fault Oxide Coloration Zone 

This zone occurs about 1 km SE of Saindak 

Koh or about 7 km NE of Amalaf 

(Toposheet No. 30 G/11) and stretches in an 

800 x 250 meters area, which trends in  

NNW direction. Weak supergene 

argillization is developed in a tuffaceous 

siltstone and sandstone sequence of the 

Dalbandin Formation of Mio-Pliocene age 

(Fig. 3B). Oxide mineralization is mainly 

represented by reddish-brown and 

yellowish hematitic and jarositic limonites 

after pyrite. 

Geochemistry 

Five rock chip geochemical samples were 

collected from this zone. Two samples were 

analyzed for gold and other associated 

elements (Table 2A). None of the samples 

contained gold. 

 

Table 2A Chemical analysis of samples collected from Saindak Fault Oxide Coloration Zone (after Siddiqui et 

al., 1989) The zone is abbreviated as SFOCZ. 

Section Sample ID Zn ppm Pb ppm Ni ppm Co ppm Cu ppm Ag ppm Mn ppm Au ppm 

SFOCZ 
SF-2 11 5 37 -5 Nill -2 24 Nill 

SF-3 15 -5 9 -5 Nill -2- 24 Nill 

 

Sorzuk Kaur Xenothermal Alteration 

Zone 

This zone is located about 15 km towards 

northwest of Amalaf village, which cover 

an area of 700 x 500 meters and trends in 

NW direction (see Fig. 4A). The tuff, 

tuffaceous sandstone, and siltstone of the 

Sinjarani Volcanic Group (Late 

Cretaceous) are affected by xenothermal 

alteration. This alteration is characterized 

by intense tourmalinization, silicification, 

and argillization, accompanied by 

significant vesiculation. A few pockets of 

quartz porphyry are also present. The zone 

is intersected by several veins and veinlets 

of hematite, quartz, and barite. Oxide 

mineralization mainly appears in reddish-

brown, purple, and yellow hematitic and 

jarositic limonites, which occur as staining 

on fracture planes as well as dissemination. 

Intense pyritization is noted in a localized 

silicified zone. Additionally, fine 

dissemination of scheelite is observed 

under short-wave ultraviolet light. 
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Fig. 4 Geological Map a part of Saindak Quadrangle (after Schmidt et al., 1963; Siddiqui et al., 1989).  A) Sorzuk 

Kaur Xenotherrmal Alteration Zone, and B) Saindak Koh Oxide Coloration Zone. 

 

Geochemistry 

A total of 15 rock chip geochemical 

samples were collected from this zone. All 

samples were analyzed for gold and other 

associated elements (Table 2B). Gold 

concentrations in these samples ranged 

from less than 0.04 ppm to 1.5 ppm, with an 

average of 0.34 ppm and a standard 

deviation of ±0.47. 

 

Table 2B Chemical analysis of samples collected from Sorzuk Kaur Xenothiermal Alteration Zone (after Siddiqui 

et al., 1989). The zone is abbreviated as SUKXAZ. 

Z). 

Section Sample ID Zn ppm Pb ppm Ni ppm Co ppm Cu ppm Ag ppm Mn ppm Au ppm 

SUKXAZ 

SDK-1 15 117 3 1 0 Nil 27 0.04 

SDK-2 70 280 10 10 13 -2 262 0.04 

SDK-3 13 Nil 6 4 Nil -2 42 0.06 

SDK-4 25 77 6 6 31 -2 22 1.5 

SDK-5 15 130 12 8 26 -2 29 0.13 

SDK-6 31 140 7 4 0 -2 24 0.04 

SDK-7 0 122 7 4 18 -2 37 0.08 

SDK-8 12 94 13 16 29 -2 3304 0.06 

SDK-9 27 122 19 15 0 -2 2153 1 

SDK-10 47 47 7 5 0 -2 53 0.2 

SDK-11 12 117 4 2 0 -2 30 1.06 

SDK-12 35 30 5 3 18 -2 20 0.2 

SDK-13 21 37 4 3 Nil -2 45 Nil 

SDK-14 37 9 15 20 61 300 48 0.47 

SDK-15 9 100 12 62 45 -2 45 0.15 



GEOLOGICA v. 10 Article No. 3 

45 
 

 

Saindak Koh Oxide Coloration Zone 

This zone is situated about 5 km northwest 

of Amalaf village (Toposheet No. 30 G/11). 

Low to moderate supergene argillization 

has developed in the tuff and tuffaceous 

siltstone sequence of the Juzzak Formation 

(Paleo-Eocene) and Saindak Formation 

(Fig-4B). The alteration spans in a 1000 x 

200 meter area and trends in an EW 

direction. Oxide mineralization is 

predominantly represented by yellow and 

yellowish-brown jarositic limonite after 

pyrite. 

Geochemistry 

Four rock chip geochemical samples were 

collected from this zone. Only one sample 

was analyzed for gold and other associated 

elements (Table 2C), showing zero 

concentration for gold. 

 

Table 2C Chemical analysis of samples collected from Saindak Koh Oxide Coloration Zone after Siddiqui et al., 

1989).  The zone is abbreviated as SKOCZ. 

Z). 

Section Sample ID Zn ppm Pb ppm Ni ppm Co ppm Cu ppm Ag ppm Mn ppm Au ppm 

SKOCZ SK-3 0 17 9 5 73 -2 52 Nil 

 

Mukak Koh Oxide Coloration Zone 

This oxide coloration zone is intermittently 

exposed over a 25 x 6 km area, towards the 

west and southwest of Amalaf village 

(Toposheet No. 30 G/11-12).  The zone 

trends in NE, along with a plunging 

anticline. The zone is developed in a 

tuffaceous siltstone, sandstone, and shaly 

sequence of the upper Juzzak Formation 

(Paleo-Eocene). The alteration is 

characterized by weak supergene 

argillization, with few localized silicified 

zones. Oxide mineralization is mainly 

represented by sideritic, hematitic, and 

minor jarositic limonite. Some localized 

silicified zones are also present near the 

contact with the Tanki sills oxide 

mineralization which are exhibited by 

hematite, jarositic and geothitic limonites 

with minor cuprite and malachite. 

Geochemistry 

A total of 25 geochemical samples were 

collected from this intermittently exposed 

zone. Ten samples were analyzed for gold 

and other associated elements (Table 3A). 

One sample indicated 0.1 ppm gold. 

Another sample (MK-1) from this zone 

contained 7.1% copper and 43 ppm silver. 

Table 3A Chemical analysis of samples collected from Mukak Koh Oxide Coloration Zone (after Siddiqui et al., 

1989). The zone is abbreviated as MKOCZ. 

(MKOCZ). 

Section Sample ID Zn ppm Pb ppm Ni ppm Co ppm Cu ppm Ag ppm Mn ppm Au ppm 

MKOCZ 

MK-1 18 106 6 6 71178 43 242 0.1 

MK-2 24 15 17 5 2092 -2 74 Nil 

MK-7 31 15 5 6 122 -2 339 Nil 

MK-8 20 16 12 -5 129 -2 145 Nil 

MK-14 24 24 12 5 19 -2 418 Ni 

MK-17 14 16 9 -5 Nil -2 111 Nil 

MK-20 11 21 -5 -5 0 -2 125 Nil 

MK-25 16 41 10 -5 0 -2 47 Nil 

MK-28 25 31 8 5 0 -2 79 Nil 
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MK-30 22 46 10 -5 0 -2 101 Nil 

 

Badin Khan Karez Oxide Coloration 

Zone 

 

This coloration zone begins at a distance of 

8 km west of Amalaf village and extends 

over an 8 x 2 km area, trending in the NW 

direction. Sandstone, siltstone, and minor 

sandy limestone, along with tuff from the 

Juzzak Formation and the pyroclastic 

sequence of the Sinjarani Volcanic Group, 

are affected by weak supergene 

argillization (Fig-5). Oxide mineralization 

is primarily represented by hematitic and 

sideritic limonite on fracture planes and as 

staining. The zone is traversed by numerous 

veins and veinlets of tourmaline, hematite, 

and barite. 

 

 
Fig. 5 Geological Map a part of Saindak Quadrangle (after Schmidt et al., 1963; Siddiqui et al., 1989). Showing 

Badin Khan Karez Oxide Coloration zone.  

 

Geochemistry 

A total of 42 geochemical samples were 

collected from this zone, and 8 samples 

were analyzed for gold and other associated 

elements (Table 3B). None of the samples 

showed gold concentration. However, 

manganese concentration in these samples 

ranged from 243 ppm to 1140 ppm, with an 

average of about 584 ppm. 
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Table 3B Chemical analysis of samples collected from Badin Khan Karez Oxide Coloration Zone (after Siddiqui 

et al., 1989). The zone is abbreviated as BKKOCZ. 

Section Sample ID Zn ppm Pb ppm Ni ppm Co ppm Cu ppm Ag ppm Mn ppm Au ppm 

BKKOCZ 

BK-1 91 34 31 7 0 -2 860 Nil 

BK-7 44 44 30 12 15 -2 360 Nil 

BK-15 34 62 26 10 0 -2 1140 Nil 

BK-22 22 32 20 6 37 -2 243 Nil 

BK-27 36 39 24 9 21 -2 360 Nil 

BK-32 112 66 31 13 11 -2 600 Nil 

BK-37 115 42 31 9 0 -2 488 Nil 

 

Amalaf Kaur Oxide Coloration Zone 

This oxide coloration zone is located about 

6 km northeast of Amalaf village 

(Toposheet No. 30 G/11, Fig. 6A). It is an 

irregularly elongated area, 5 x 1 km in size, 

trending in the NW direction. Weak to 

moderate argillization is mainly associated 

with a tuff and tuffaceous sandstone, 

siltstone, and shale sequence of the 

Sinjarani Volcanic Group (Late 

Cretaceous). Purple, reddish-brown, and 

yellowish-brown hematitic goethite and 

jarosite limonite occur as staining as well as 

on fracture planes. Toward the central and 

northwestern sides, the zone is traversed by 

several pyrolusite and galena veins, which 

are a few meters in length and up to 30 cm 

thick.  

Geochemistry  

A total of 30 geochemical samples were 

collected from this zone, 3 samples were 

analyzed for gold and other associated 

elements (Table 3C). Only one sample 

showed 0.1 ppm gold concentration. 

 

Table 3C Chemical analysis of samples collected from Amalaf Kaur Oxide Coloration Zone (after Siddiqui et al., 

1989).  The zone is abbreviated as AKOCZ. 

Section Sample ID Zn ppm Pb ppm Ni ppm Co ppm Cu ppm Ag ppm Mn ppm Au ppm 

AKOCZ 

AK-3 24 33 24 6 58 -2 154 Nil 

AK-9 35 43 5 5 16 -2 397 Nil 

AK-13 151 63 7 5 14 -7 148 Nil 

 

Amalaf Koh Oxide Coloration Zone 

This small lenticular oxide coloration zone 

is about 4 km northeast of Amalaf village 

(Toposheet No. G/11, Fig. 6B) and extends 

in a NW-trending 700x250 meter area. 

Weak to moderate argillization and 

silicification are mainly associated with 

tuffaceous pyroclastic sequences of the 

Sinjarani Volcanic Group and with a few 

small intrusions of tonalite, dacite, and 

diorite porphyries. Oxide mineralization is 

primarily represented by yellowish-brown 

and reddish-brown jarositic and hematitic 

limonites, which mainly occur as staining 

as well as on fracture planes. 
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Fig. 6 Geological Map a part of part of Saindak Quadrangle (after Schmidt et al., 1963; Siddiqui et al., 1989).  A) 

Amalaf Kaur Oxide Coloration Zone, and B) Amalaf Koh Oxid Coloration Zone. 

 

Geochemistry  

A total of 7 geochemical samples were 

collected from this zone, and 3 samples 

were analyzed for gold and other associated 

elements (Table 4A). None of the samples 

showed gold concentration. 

 

Table 4A Chemical analysis of samples collected from Amalaf Koh Oxid Coloration Zone (after Siddiqui et al., 

1989). The zone is abbreviated as AMKOCZ. 

Section Sample ID Zn ppm Pb ppm Ni ppm Co ppm Cu ppm Ag ppm Mn ppm Au ppm 

AMKOCZ 

AM-1 19 18 16 5 0 -2 320 Nil 

AM-3 6 62 9 -5 0 -2 12 Nil 

AM-7 22 35 11 5 12 -2 320 Nil 

 

Sorzuk Road Oxide Coloration Zone 

This zone is located approximately 7 km 

northwest of Sainak Fort (along Sainak 

Robat Road) and spans an area of 4000 x 

350 meters and trends in a northwest 

direction. Weak argillization is associated 

with the pyroclastic and sedimentary 

sequence of the Sinjrani Volcanic Group 

and Juzzak Formation. Oxide 

mineralization is mainly represented by 

reddish-brown and yellowish-brown 

hematitic, sideritic, and jarositic limonites, 

which occur as staining on fracture planes. 

The zone is traversed by numerous calcite 

veinlets (Fig. 7). 
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Fig. 7 Geological Map a part of Saindak Quadrangle (after Schmidt et al., 1963; Siddiqui et al., 1989) showing 

Sorzuk Road oxide Coloration Zone. 

 

Geochemistry 

Seven geochemical samples were collected 

from this oxide coloration zone, and 4 were 

analyzed for gold and other associated 

elements (Table-4B). Only one sample 

showed 0.06 ppm gold. 

 

Table 10 Chemical analysis of samples collected from Sorzok Road Oxide Coloration Zone (after Siddiqui et al., 

1989). The zone is abbreviated as SROCZ. 

Section Sample ID Zn ppm Pb ppm Ni ppm Co ppm Cu ppm Ag ppm Mn ppm Au ppm 

SROCZ 

SKRD-1 48 40 12 5 0 -2 280 0.06 

SKRD-4 25 46 10 6 16 -2 97 Nil 

SKRD-9 29 32 11 5 25 -2 48 Nil 

SKRD-12 0 28 13 7 11 -2 115 Nil 

 

Sorzuk Koh Oxide Coloration Zone 

This zone is situated about 3 km north of 

Sorzuk Koh (Toposheet No. 30 G/7). It 

stretches over an area of 5 x 1 km and trends 

in a west-northwest direction. Weak 

supergene argillization is associated with 

sandstone and siltstone of the Juzzak 

Formation. Oxide mineralization is mainly 

represented by hematitic and sideritic 

limonites, which occur as staining on 

fracture planes. Abundant calcite occurs on 

fracture planes and in veins (Fig. 8A). 

Geochemistry  

A total of 10 geochemical samples were 

collected from this zone, and 3 samples 

were analyzed for gold and other associated 

elements (Table 4C). No gold concentration 

was observed in any sample. 
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Table 4C Chemical analysis of samples collected from Sorzok Koh Oxlde Coloration Zone (after Siddiqui et al., 

1989). The zone is abbreviated as SORKOCZ. 

Section Sample ID Zn ppm Pb ppm Ni ppm Co ppm Cu ppm Ag ppm Mn ppm Au ppm 

SOKOCZ 

SZK-1 28 27 20 5 82 -2 432 Nil 

SZK-5 32 29 15 6 17 -2 328 Nil 

SZK-10 25 62 9 5 20 -2 214 Nil 

 

Miskan Karez Oxide Coloration Zone 

This zone is located about 2 km south of 

Miskan Karez (Toposheet No. 30 G/7) and 

spans an area of 2500 by 700 meters, which 

trends in a north-northwest direction (Fig. 

8B). Weak supergene argillization is 

mainly associated with the siltstone of the 

Juzzak Formation. Reddish-brown and 

yellowish-brown hematitic and sideritic 

limonites occur as staining on fracture 

planes. 

 
Fig. 8 Geological Map a part of Saindak Quadrangle (after Schmidt et al., 1963; Siddiqui et al., 1989). A) Sorzok 

Koh Oxide Coloration Zone, and B) Miskan Karez Oxide Coloration Zone. 
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Geochemistry  

A total of 11 geochemical samples were 

collected from this oxide coloration zone 

and 3 samples were analyzed for gold and 

other associated elements (Table 4D). None 

of the samples showed gold concentration. 

 

 

 

Table 4D Chemical analysis of samples collected from Miskan Karez Oxide Coloration Zone (after Siddiqui et 

al., 1989). The zone is abbreviated as MIKOCZ. 

Section Sample ID Zn ppm Pb ppm Ni ppm Co ppm Cu ppm Ag ppm Mn ppm Au ppm 

MIKOCZ 

MCH-1 35 91 14 5 11 -2 94 Nil 

MCH-6 36 88 13 6 24 -2 304 Nil 

MCH-11 33 123 11 6 18 -2 121 Nil 

 

Piran Rud Oxide Coloration Zone 

This zone is situated about 15 km southeast 

of Piran Ziarat (Toposheet No. 30 G/2). The 

zone is irregularly elongated in a northeast 

direction and stretches over an area of 600 

x 200 meters. Tuff and tuffaceous siltstone 

of the Juzzak Formation exhibit weak 

supergene argillization (Fig. 8). Oxide 

mineralization is represented by hematitic 

and sideritic limonites as staining as well as  

fracture planes. Abundant calcite occurs on 

fracture planes and in veins. 

 

 
Fig. 9 Geological Map Piran Road Oxide Coloration Zone (after Schmidt et al., 1963; Siddiqui et al., 1989).  

 

Geochemistry  
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Only two geochemical samples were 

collected from this small oxide coloration 

zone, and one was analyzed for gold and 

other associated elements (Table 4E). The 

sample showed 0.08 ppm of gold. 

 

Table 4E Chemical analysis of samples collected from Piran Rud Oxide Coloration Zone (after Siddiqui et al., 

1989). The zone is abbreviated as PROCZ. 

Section Sample ID Zn ppm Pb ppm Ni ppm Co ppm Cu ppm Ag ppm Mn ppm Au ppm 

PROCZ P-7 45 60 7 3 14 Nil 14 0.08 

 

Beduk Chalk Oxide Coloration Zone 

This zone is located approximately 15 

meters south of Beduk Chah (Toposheet 

No. 30 G/7) and spans an area of 500 by 100 

meters and oriented in a NW direction. The 

siltstone of the Juzzak Formation has 

undergone weak supergene argillization 

(Fig. 10A). Oxide mineralization is 

represented by yellowish-brown and 

reddish-brown jarositic, hematitic, and 

sideritic limonites. The zone is intersected 

by numerous calcite veins and veinlets. 

Geochemistry  

Three geochemical samples were collected 

from this zone, and only one was analyzed 

for gold and other associated elements 

(Table 4F). The sample showed zero gold 

concentration. 

 

Table 4F Chemical analysis of samples collected from Beduk Chah Oxide Coloration Zone (after Siddiqui et al., 1989). The 

zone is abbreviated as BCOCZ. 

Section Sample ID Zn ppm Pb ppm Ni ppm Co ppm Cu ppm Ag ppm Mn ppm Au ppm 

BCOCZ BD-2 27 42 14 6 1128 -2 70 Nil 

 

Pogi Oxide Coloration Zone 

This zone is situated just east of Pogi Rud 

(Toposheet No. 30 G/7), stretching in an 

area of 700 x 250 meters, which trends in 

northeast direction. Clays of the Juzzak 

Formation exhibit argillization and reddish-

brown and yellowish-brown hematitic 

limonites (Fig. 10B). 

 

 
Fig. 10 Geological Map Piran Road Coloration Zone (after Schmidt et al., 1963; Siddiqui et al., 1989). A) Beduk 

Chah Oxid Coloration Zone, and B) Pogi oxide Coloration Zone. 
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Geochemistry  

Three geochemical samples were collected 

from this small oxide coloration zone, and 

only one was analyzed for gold and other 

associated elements (Table 4G). Gold was 

absent in the sample. 

 

Table 4G Chemical analysis of samples collected from Pogi Oxide Coloration Zone (after Siddiqui et al., 1989). 

The zone is abbreviated as PFOCZ. 

Section Sample ID Zn ppm Pb ppm Ni ppm Co ppm Cu ppm Ag ppm Mn ppm Au ppm 

PFOCZ PG-2 21 50 13 5 10 -2 31 Nil 

 

Tourmaline-Quartz Breccia Pipe of Koh-

e-Dalil (later on renamed as Reko Diq ) 

Porphyry Cu-Mo Prospect 

This breccia pipe is intermittently exposed 

in the Quaternary alluvium towards the 

southeast of the Reko Diq (previously 

called Koh-e-Dalit Prospect) (Toposheet 

No. 30 K/4). It spreads over an area of 600 

x 250 meters and trends in northeast 

direction (Fig. 11). The coexistence of 

tourmalinization and silicification with 

intense vesiculation suggests a xenothermal 

alteration. Oxide mineralization is mainly 

represented by reddish-brown and 

yellowish-brown hematitic and jarositic 

limonites. Traces of scheelite 

mineralization are observed through 

fluorescence studies under short-wave 

ultraviolet radiation in many samples. The 

breccia pipe is intersected by numerous 

quartz, tourmaline, and hematite veins and 

veinlets. 

 

 

 
Fig. 11 Geological Map of part of Koh-e- Dalil (after Khan and Ahmad, 1981; Siddiqui et al., 1989) Tourmaline 

Quartz breccia pipe of Reko Diq (previously called Koh-e-Dalil) Porphyry Cu-Mo Prospect.  

Geochemistry  
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A total of 15 geochemical samples were 

collected from this zone, and 14 were 

analyzed for gold and other associated 

elements (Table 5A). Gold concentration in 

the samples ranged from 0.03 ppm to 2.5 

ppm, with an average of 0.36 ppm and a 

standard deviation of ±0.67. One sample 

from this zone showed 20 ppm of gold. 

 

Table 5A Chemical analysis of samples collected from Tourmaline-Quartz Breccia Pipe of Koh-e-Dalil Porphyry 

Copper-Molybdenum Prospect (after Siddiqui et al., 1989). The zone is abbreviated as KPCMZ. 

Section Sample ID Zn ppm Pb ppm Ni ppm Co ppm Cu ppm Ag ppm Mn ppm Au ppm 

KPCMZ 

KDT-1 14 38 4 3 18 -2 36 0.08 

KDT-2 15 36 4 3 15 -2 36 0.08 

KDT-3 20 42 5 1 56 -2 29 0.03 

KDT-4 8 60 3 2 0 -2 18 0.84 

KDT-5 Nil 51 3 2 0 -2 26 20 

KDT-6 Nil 15 3 1 0 -2 20 0.11 

KDT-7 16 31 5 3 0 -2 51 0.11 

KDT-8 9 40 4 1 26 -2 32 0.15 

KDT-9 Nil 20 4 3 0 -2 23 0.04 

KDT-10 Nil 23 3 2 46 -2 13 Nil 

KDT-11 10 70 3 2 20 -2 16 0.24 

KDT-12 11 18 3 1 67 -2 27 0.06 

KDT-13 19 2820 7 5 53 3 43 1 

KDT-14 101 70 4 1 31 -2 102 0.47 

KDT-15 49 84 11 14 854 3 29 2.5 

 

Sarbarot Koh Quartz Vein 

This quartz vein is located about 20 km 

northeast of Amalaf village (Toposheet No. 

30 G/16). The vein is approximately 2 km 

long, 3-15 meters thick, and trends in an 

east-northeast direction. It occurs just at the 

contact of a propylitized basaltic tuff 

sequence of the Sinjrani Volcanic Group 

and limestone of the Hamai Formation, 

both dipping in a northeast direction (Fig. 

12). Towards the eastern side, the vein is 

characterized by fine granular quartz with 

vugs and cavities filled with chalcedony 

and larger quartz crystals (up to 2 cm in 

length). Amethyst is also observed in a few 

vugs. Reddish hematite is present in some 

areas. Yellowish-brown and orange-brown 

goethitic and jarositic limonites occur on on 

fracture planes.  Chrysochola and 

malachite, appear as staining and 

dissemination as well as disseminations. 

This suggests the presence of minor pyrite 

and chalcopyrite mineralization within the 

quartz vein. On the western side, the vein is 

characterized by cryptocrystalline 

chalcedonic quartz, which contains 

disseminations, stringers, and veinlets of 

hematite and siderite. The difference 

between the western and eastern sides of 

the quartz vein may indicate two different 

generations of quartz. 
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Fig. 12 Geological Map a part of Sorbarot Koh Quartz Vein (after Siddiqui et al., 1989).  

 

Geochemistry 

A total of 8 rock chip geochemical samples 

were collected from this vein, and 6 

samples were analyzed for gold and other 

associated elements (Table 5B). Gold 

concentration in these samples ranged from 

0.06 to 2.7 ppm, with an average of 0.57 

ppm and a standard deviation of ±1.05. 

 

Table 5B Chemical analysis of samples collected from Sarbarot Koh Quartz Vein (after Siddiqui et al., 1989). 

The zone is abbreviated as SKAQV. 

Section Sample ID Zn ppm Pb ppm Ni ppm Co ppm Cu ppm Ag ppm Mn ppm Au ppm 

SKAQV 

QC-1 45 Nil 3 2 55 -2 46 2.7 

QC-2 110 446 5 2 362 -2 50 0.11 

QC-3 60 893 5 3 177 6 25 0.24 

QC-4 680 36 3 1 224 5 111 0.24 

QC-5 20 129 4 2 0 -2 20 0.06 

QC-6 76 37 4 2 0 -2 73 0.06 

QC-1 45 Nil 3 2 55 -2 46 2.7 

 

Behavior of Gold Mineralization 

The Western Chagai Belt in Baluchistan, 

Pakistan, is a significant region for gold 

mineralization, associated primarily with 

porphyry copper systems, epithermal veins, 

and small hydrothermal alteration zone. 

This mineralization is a result of magmatic-

hydrothermal processes where magmatic 

fluids from intruding plutonic bodies 

interact with surrounding volcanic and 

sedimentary rocks. Structural features such 

as faults and fractures serve as conduits for 

these hydrothermal fluids, depositing gold 

and other metals. The Reko Diq deposit 

exemplifies the porphyry copper-gold 

systems in the region, with large, 

disseminated zones of mineralization. 

Epithermal veins and small hydrothermal 

alteration zone also contribute to the 

region's gold potential, occurring in 

favorable lithological settings. 

Understanding the interplay of structural, 

lithological, and magmatic controls is 

crucial for effective exploration and 

exploitation of these resources (Ahmed et 

al., 2014; Hedenquist et al., 2000; Kazmi 

and Jan, 1997; Khan et al., 2013; Meinert, 

1992; Sillitoe, 2010). 

 

Discussion 

Gold mineralization in the Western Chagai 

Belt of Baluchistan, Pakistan, shows 

notable similarities to prominent global 

deposits, such as the porphyry copper-gold 
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systems in the Andes, epithermal veins in 

the Great Basin, and orogenic gold deposits 

in the Archean greenstone belts of Western 

Australia and Canada. The Reko Diq 

deposit in the Chagai Belt mirrors the 

extensive alteration zones and metal 

zonation seen in the Escondida mine in 

Chile, while epithermal deposits in the 

region resemble those in Peru and Nevada, 

characterized by high-grade veins within 

volcanic rocks. Skarn deposits in the 

Chagai Belt, akin to those in the 

southwestern United States and China, 

result from magmatic fluids interacting 

with carbonate rocks. Structural features 

such as faults and fractures, reactive 

volcanic and carbonate lithologies, and 

magmatic processes that generate metal-

rich hydrothermal fluids control the 

mineralization, paralleling conditions in 

major deposits worldwide (Goldfarb et al., 

2005; Groves et al., 2003; Hedenquist et al., 

2000; Khan et al., 2013; Meinert, 1992; 

Sillitoe, 2010). The geochemical analysis 

of alteration zones in Saindak indicates 

potential for gold, copper, and silver, with 

gold concentrations reminiscent of early-

stage findings in Nevada's Carlin Trend and 

the robust hydrothermal systems akin to 

Canada's Abitibi Greenstone Belt. These 

global comparisons underscore the 

significance of the Chagai Belt's 

mineralogical potential and the need for 

further exploration. The geochemical 

analysis conducted on various alteration 

and oxide coloration zones in the studied 

sections at Saindak area unveils a spectrum 

of mineralogical richness, signaling 

promise for gold, copper, silver, and 

associated elements, akin to renowned 

mineralized regions globally (Table 2). 

This systematic sampling effort and 

subsequent geochemical scrutiny provide 

pivotal insights into mineralization 

mechanisms and the economic potential of 

these zones. The Saindak Kaun 

Xenothermal Alteration Zone showcases an 

average gold concentration of 0.14 ppm, 

indicating consistent albeit low-grade 

mineralization, reminiscent of early-stage 

exploration findings in Nevada's Carlin 

Trend (Hedenquist et al., 1998). This 

discovery echoes the necessity for further 

exploration to unveil higher-grade zones 

within this system, much like the detailed 

exploration that led to significant 

discoveries in South Africa's 

Witwatersrand Basin (Phillips et al., 2024; 

Tucker et al., 2016; Davies et al., 1964). 

Conversely, the Sorzuk Kaur Xenothermal 

Alteration Zone boasts a higher average 

gold concentration of 0.34 ppm, coupled 

with significant alteration minerals such as 

tourmaline, quartz, and barite, suggesting a 

more robust hydrothermal system akin to 

mesothermal gold deposits in Canada's 

Abitibi Greenstone Belt (Groves et al., 

2003). The Tourmaline-Quartz Breccia 

Pipe at the Koh-e-Dalil prospect, with an 

average gold concentration of 0.35 ppm, 

hints at potential porphyry-style 

mineralization, characterized by intense 

hydrothermal activity conducive to copper, 

molybdenum, and gold deposition, akin to 

giant porphyry copper deposits found in the 

Andes (Sillitoe, 2010). The sporadic gold 

concentrations, including a sample 

registering 20 ppm, suggest the presence of 

localized high-grade pockets reminiscent of 

the Bonanza-type ore shoots observed in 

Nevada's Comstock Lode (Spencer, 1989). 

On the other hand, the Sorbarot Koh quartz 

vein, exhibiting an average gold 

concentration of 0.57 ppm, signals 

significant epithermal mineralization, 

evidenced by the presence of limonites, 

chrysocolla, and malachite, suggesting 

multiple mineralization phases similar to 
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those seen in Japan's Hishikari Mine (White 

and Hedenquist, 1990). Moreover, the 

Tanki Sills and Mukak Koh Oxide 

Coloration Zone uncover substantial silver 

(43 ppm) and copper (7.1%) values, 

warranting meticulous re-evaluation due to 

the potential for polymetallic 

mineralization and broader economic 

viability, reminiscent of the findings in 

Poland's Kupferschiefer region (Schroeter, 

1993). These global comparisons 

underscore the significance of the Saindak 

area's mineralogical potential and 

emphasize the need for further exploration 

and detailed geological investigations to 

unlock its economic value. 

 

Conclusion 

Based on the geochemical studies, several 

zones in the western Chagai magmatic arc 

exhibit significant potential for further 

exploration. The Saindak Kaun 

Xenothermal Alteration Zone shows an 

average gold concentration of 0.14 ppm, 

while the Sorzuk Kawir Xenothermal 

Alteration Zone exhibits a higher average 

of 0.34 ppm gold. The Tourmaline-Quartz 

Breccia Pipe at Koh-e-Dalil Porphyry 

Copper-Molybdenum prospect has an 

average gold concentration of 0.35 ppm, 

and the Sorbarot Koh quartz vein reveals an 

average gold concentration of 0.57 ppm. To 

refine these findings and assess the 

economic viability of these zones, it is 

recommended to undertake detailed and 

systematic geochemical sampling on 15-

meter grid cross-sections for the first three 

zones. Additionally, a detailed longitudinal 

grid sampling for the Sorbarot Koh 

auriferous quartz vein is advised. One 

sample from the Tanki Sills and Mukak 

Koh Oxide Coloration Zone indicated 

substantial silver and copper values, 

suggesting the need for rechecking and 

detailed sampling in this area. Furthermore, 

petrological, petrochemical, and ore 

microscopic studies of selected samples 

from these anomalous zones are essential to 

understand the genesis of the ore 

mineralization and further support the 

exploration efforts. 
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