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Abstract

 The Tank district lies to the north-west of river Indus. Tectonically, Tank area is a part of Sulaiman basin 
in which the dominant sediments are of Quaternary alluvium type. The Nagri and Dhok Pathan formations of 
the Siwalik Group are also present in the study area. In this research work, geochemical studies of stream 
sediments, panned concentrates and talus deposits were carried out for gold, silver and base metals.A total of 
96 samples comprised of fifty four stream sediments (SS),  twenty threepanned concentrates (PC) and 
nineteen talus samples (TS) were c ollected and analyzed for gold, s ilver and base metals using atomic 
absorption spectrometer.Geo-statistical analyses such as Pearson correlation and Factor analyses were 
carried out in order to determine correlation among the elements.Histograms were plotted in IBM SPSS 
Statistics 21 software in order to find out the threshold value for each element. The geochemical data were 
overlaidin Arc GIS 10.1 to get information about the anomalous concentration of gold, silver and base metals 
in different sampling media.Results indicate that the Au (up to 6 ppm) and base metals arein higher 
concentration in panned concentrates as compared to stream sediments and talus deposits. Whereas Ag and 
Cd are relatively higher in stream sediments and talus deposits. Interpretation of geochemical, geo-statistical 
and geo-spatial data of panned concentrates, stream sediments and talus deposits reveal that the area is having 
low economic potential for placer gold, while no economic potential for base metals.
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1. Introduction

 Many of the world's most important 
mineral commodities are extracted from 
placers, for instance, placer gold mined in 
South Africa from Witwatersrand sedimentary 
rocks which is almost half of all the gold ever 
mined in the world (Els and Eriksson, 2006; 
Slingerland and Smith, 1986; Pretorius, 2012). 
Other deposits include placer gold from South 
Africa (Lalomov and Tabolitch, 1997) and 
Ghana (Komla and Sammy, 1995).Hunt for 
economic mineral deposits is the utmost desire 
of every geochemical explorer. Geochemical 
mineral exploration incorporates any technique 
of mineral prospecting based on the systematic 
analysis of chemical properties of a particular 
mineral (Hawkes, 1957; Reimann and 
Melezhik, 2001).

 Stream sediments  provide useful 
information about the source of mineralization 
of mineral deposits. It is a fact that stream 
sediments not originally indicate concentration 

and grade of the gold in the area but can provide 
valuable information about the presence of gold 
in the stream (Nimick and Moore, 1991). The 
geochemical composition of stream sediments 
represent the average composition of the whole 
drainage basin (Reimann and Melezhik, 2001; 
Halamić et al., 2001). Although stream 
sediments are affected by different chemical, 
biological and physical weathering processes, 
yet they retain the original geochemical 
composition of the source (Naseem et al., 2002; 
Formoso, 2006; Dill, 2008). 

 Both stream sediments and panned 
concentrates provide a useful media for 
sampling and each one has its own importance. 
All the tributaries of Tank Zam River and 
Gomal River were targeted to collect such kind 
of samples as these tributaries are passing 
through the rocks of South Waziristan and 
Siwaliks in Tank area before joining the River 
Indus. The study area lies to the north-west of 
river Indus. The River Indus in northern part of
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 the province has already been known to have 
economic mineral deposits especially placer 
gold (Shah and Khan, 2004). According to 
Tahirkheli (1974) and Austromineral (1976), 
the river Indus is the primary source for 
transporting and depositing the placer gold 
along the banks and terraces. Zaheenullah et al., 
(2012) carried out geochemical studies in the 
district Karak and concluded that the Nagri and 
Dhok Pathan formations of Siwalik Group have 
economic potential for heavy minerals, 
particularly gold, silver and zircon. Farhan 
(2015)carried out detailed geochemical 
investigations of stream sediments and 
Quaternary sediments from Shaidu and Akora 
Khattak areas of District Nowshera. He 
indicated that the quaternary sediments in these 
areas have greater potenrtial for the occurance 
of placer gold. The current study in perspective 
of gold, silver and base metals is carried out in 
Tank area due to the fact that this area has not 
been geochemically explored using stream 
sediments and panned concentrates. 

2. Geological background

 The Tank area predominantly consists of 
Quaternary deposits which occur in the form of 
extensive blanket throughout the region (Fig. 
1). According to Hemphill and Kidwai (1973), 
the Tank area lies in the south-western 

extremity of the Bannu quadrangle. Geology of 
the Bannu quadrangle is comprised of, i) 
Waziristan-Sulaiman Ranges, ii) Khisor-
Bhittanni-Marwat Ranges, and iii) Quaternary 
deposits (Hemphill and Kidwai, 1973). The 
Sulaiman Limestone Group of Jurassic age is 
the oldest rock unit recognized in the Sulaiman 
Range and eastern Waziristan (Hemphill and 
Kidwai, 1973). The Sulaiman Limestone 
Group is disconformably overlain by 
Cretaceous rocks, which from oldest to 
youngest are: Sembar Formation, Parh 
Limestone, Mughal Kot Formation, and the Pab 
Sandstone. Cretaceous rocks in the eastern part 
of the Bannu quadrangle are limited to the 
Chichali Formation and the Lumshiwal 
Sandstone. In the Sulaiman Range, the Dungan 
Formation of Paleocene age overlies the Pab 
Sandstone. The Dungan Formation as well as 
other rocks of early and middle Tertiary age 
are not present at Sheikh Badin and in the 
Khisor Range. The Dungan Formation is 
followed by the Ghazij Shale, Baska Shale, 
and Kirthar Formation. The Chitarwatta 
Formation of late Oligocene to Late Miocene 
age disconformably overlies the Kirthar 
Formation in the eastern foothills of the 
Sulaiman Range, but the unit is not 
recognized in Waziristan (Hemphill and 
Kidwai, 1973).

Fig. 1. Geological map showing drainage pattern and different lithologies of 
           the study area (after Aslam et al., 2006) 
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In Waziristan and the Sulaiman Range, rocks of 
the Siwalik Group are of probable Pliocene age 
and overlie the Chitarwatta and Kirthar 
formations (Hemphill and Kidwai; (1973). In 
this area the Siwalik group is divided into three 
formations; the Vihowa, Litra, and Chaudhwan 
Formations. The Chaudhwan Formation may 
be as young as Pleistocene. At Sheikh Badin 
and in the Khisor Range, rocks of the Siwalik 
Group overlie Cretaceous and older rocks. In 
this area the Siwalik Group is believed to be as 
young as Pleistocene and is divided into four 
formations: the Chinji, Nagri, Dhok Pathan, 
and Malagan formations (Fig. 2).

 According to Hemphill and Kidwai 
(1973), the Quaternary deposits in Bannu 

quadrangle are mostly of Pleistocene and 
Holocene age. They include alluvium and 
Eolian deposits of the Indus and Bannu Plains, 
alluvial fans, and unconsolidated debris along 
the slopes and in the valleys of the mountain 
ranges and foothills. Older terrace deposits are 
covering huge areas underlain by Early Tertiary 
rocks in the foothills of the Sulaiman Range and 
early-late Tertiary rocks towards east of 
Waziristan. The alluvium deposits are 
unconsolidated surficial deposits which include 
gravel, sand and silt in streambeds of rivers 
flowing towards the Indus and Kurram Rivers. 
Eolian deposits include wind blown sand and 
silt, unevenly distributed as dunes, and are 
mostly stabilized towards east of Kurram River 
and west and south of Sheikh Badin.

Fig.2. Probable correlation of rocks of the Siwalik Group and the Chitarwatta 
Formation in the Bannu and Dera Ismail Khan areas. Column for Sheikh Badin interpreted 
from Morris (1938); column for Shinghar Range modified from Danilchik and Shah (1967).
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3. Methodology 

 Field work was conducted in district Tank 
and sample sites were identified on the basis of 
Arc-GIS based drainage map. A systematic 
technique was adopted to collect the samples at 
each spot. A total of 44 samples from stream 
sed iments ,  23  samples  f rom panned 
concentrates and 19 from talus were collected. 
The stream sediment samples were dried in the 
sun light and then passed through -80 mesh 
sized sieve. The p anned concentrate samples 
were mineralogically studied under the 
 microscope.  Gold grains were identified and 
classified as color (<0.3 mm), speck (0.3 – 0.5) 
mm and piece (> 0.5 mm). All the samples were 
then digested using aqua regia. The method of 
Hubert and Chao (1985) was followed for 
digestion. The final stock solutions were then 
analyzed for gold, silver and base metals using 
Atomic Absorption Spectrometer.  The 
geochemical data obtained were then subjected 
to different softwares to get geo-statistical and 
geo-spatial results. 

4.  Result

4.1. Geochemical Analysis

 T h e  s t r e a m  s e d i m e n t s ,  p a n n e d 
concentrates and talus samples were analyzed 

for gold, silver and base metals using Atomic 
Absorption Spectrometer (AAS).  Table 4.1, 
table 4.2 and table 4.3 show the concentrations 
of copper, lead, zinc, nickel, chromium,  
cadmium,  manganese,  silver  and  gold  in  
stream  sediments, panned concentrates and 
talus samples respectively. These results 
indicate that the majority of the base metals 
such as Cu, Pb, Zn, Ni, Cr, Co and Mn are below 
the background values in all the sampled media. 
However, higher concentrations of Au, Ag and 
Cd were obtained in panned concentrates as 
compare to stream sediments and talus 
deposits.

4.2. Statistical Analyses

i. Univariate Statistical Analysis

 Different statistical parameters like 
arithmetic mean, median, standard deviation, 
minimum, maximum and percentiles (50th, 
75th, 90th and 95th) of stream sediments, 
panned concentrates and talus are determined 
in order to get information about the elements 
of interest in the study area (Table 4). 
Histograms for different elements (Au, Ag, Cu, 
Pb, Zn, Ni, Cr, Co, Mn and Cd) are plotted in 
order to account for background and anomalous 
concentrations (Fig. 3). 

Fig. 3. Histograms of Au and Ag for stream sediments and Panned concentrates.
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Table 1. Concentrations (ppm) of gold, silver and base metals in stream sediments from study 
              area.
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Table 2. Concentrations (ppm) of gold, silver and base metals in panned concentrates from study 
              area.
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 Table 3. Concentrations (ppm) of gold, silver and base metals in talus deposits from study area.

ii. Bivariate and Multivariate Statistical 
Analysis 

 Results of bivariate (Pearson correlation) 
and multivariate (Factor Analysis) statistical 
analyses are shown in Table 5. As evident from 
this table, for base metals the stream sediments 
and talus show weak signature (< 0.5) of Cu vs 
Zn, Cu vs Co, Zn vs Co, Cu vs Ni, Zn vs Ni and 
Ni vs Co. While the panned concentrates show 
relatively good Pearson correlation (> 0.5) for 
Cu vs Zn, Cu vs Ni, Zn vs Ni, Zn vs Co, Ni vs Co 
and Ni vs Cr. Poor Pearson correlation was 
observed in stream sediments and panned 
concentrates for Au and Ag as evident from Cu 
vs Ag for panned concentrates. Similarly low 
values of Pearson correlation were also 
obtained for Cu vs Au, Ni vs Ag and Co vs Ag. 
Good Pearson correlation is obtained for Pb vs 
Au (0.59) in talus as compared to stream 
sediments and panned concentrates. Results of 
important factor scores are also mentioned in 
Table 5. Factor 1 and 2 show association of Au-
Ag-Cu-Zn-Ni-Co and Au-Mn-Cr in stream 
sediments. For panned concentrates, Factor 1 
show association of Cu-Zn-Ni-Co, while 
Factor 2 is also showing similar association of 

Au-Mn-Cr as that of stream sediments. 
Similarly Factor 1 for Talus is also showing 
association of Cu-Zn-Ni-Co-Ag and Factor 2 
with association of Cu-Pb-Au.

4.3. Spatial Analysis

 F o r  s t r e a m  s e d i m e n t s ,  p a n n e d 
concentrates and talus geochemical maps for 
stream sediments were prepared by plotting the 
data on topographic maps (1:50,000) and 
regional geological maps. The threshold value 
of  each element  was es t imated af ter 
considering the histograms and statistical 
parameters. The data was then plotted in the 
order of increasing concentration for Au, Ag, 
Cu, Pb, Zn, Ni, Cr, Co, Cd and Mn based on 
threshold value of each element. As majority of 
the base metals are below background values, 
so their geochemical maps did not provide any 
useful information. The spatial geochemical 
anomaly map of Au and Ag for stream 
sediments and panned concentrates are shown 
in Figures 4 and 5,while no significant 
concentrations of Au and Ag were obtained in 
the talus (Fig. 6). 
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Table 4. Statistical parameters of the studied Stream sediments (SS), Panned concentrates (PC) a nd 
             Talus samples (TS). 
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Fig. 4. Geochemical maps of Au and Ag in stream sediments of study area.
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.Fig.5. Geochemical map of Au and Ag in panned concentrates of study area.
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Fig.6. Geochemical map of Au and Ag in talus samples of study area.
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5. Discussion

5.1.Stream sediment survey as exploration tool

 The stream sediment geochemical 
investigation for identifying significant 
anomalies of economic mineral deposits is 
being in practice for many decades with the 
premise that the stream sediments act as 
representative of the weathering and erosion 
products upstream of the sampling locations 
(Fletcher, 1997; Hawkes, 1957). In the current 
geochemical survey for gold, silver and base 
metals, the stream sediments are showing 
comparatively higher concentrations of gold 
and silver than that of talus deposits. Although 
different sampling media l ike stream 
sediments, panned concentrates and talus were 
used for investigating the above mentioned 
elements but now it is event that the stream 
sediments act as reliable medium of sample 
collection. The concentrations of gold, silver 
and other base metals in stream sediments are 
solely dependent upon the upstream source 
lithology (Rose et al., 1979). The accumulation 

of these elements  is due to the weathering, 

erosion, transportation, sediment sorting and 
geochemical nature of individual element 
(Rollinson, 2014).During the sediment 

transport within the stream channel, the light 
mineral fractions are swept away in the form of 
suspension, resulting change in texture and 
geochemical composition (Fletcher and Loh, 
1996).In the current studies provided 
preliminary exploration information with the 
existence of placer gold in the District Tank. 
The investigated area has a well-developed 
drainage system comprising of the tributaries 
coming from Tank Zam River and Gomal River. 
It is evident that there is no primary source of 
Au, Ag and base metals in the study area and it 
is considered that the decrease in elemental 
concentrations of base metals such as Cu, Pb, 
Zn, Ni, Cr and Co  may possibly be due to 
dissolution factor explained by a model 
formalized by Hawkes (1976) which explains 
the relation of the anomaly source to the metal 
content of the anomalous sample and size of the 
catchment basin. 

5.2. Spatial and Statistical Analyses

 The Spatial analysis indicate that 
anomalous concentration of Au is found in the 
panned concentrate as compare to stream 
sediments and talus deposits in district Tank. 
While low concentration of Ag, Cd and other 
base metals is evident in all sampling 

Table 5. Summary of important Pearson correlations and Geochemical Association
             from Factor A nalysis
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media. Although there is no significant 
association of Au, Ag, Cu, Pb, Zn, Ni, Co and 
Cr. However some significant factor scores 
obtained from factor analysis can give 
indication for the existence of potential mineral 
deposits in the vicinity of the study area. The 
poor correlation of Au and base metals also 
indicate that gold in the district Tank is of placer 
origin. The Pearson correlation of panned 
concentrate samples indicate that there is a 
positive correlation of Cu with Pb, Zn, Ni and 
Co, however poor correlation of Au with Cu, Pb 
and Zn as evident from scatter plot (Fig. 7). 
Likewise, in stream sediment samples, Cu 
shows a positive significant correlation with 
Zn, Cr and Mn and negative correlation with Au 
and Ag. However, the concentration of all base 
metals (Cu, Pb, Zn, Ni, Cr and Co etc.) is below 

background values which indicate no source of 
mineralization in the study area. 

5.3. Relative Concentration of Au, Ag and base 
metals

 The geochemical analyses of stream 
sediments, panned concentrates and talus 
deposits show that the concentrations of Cu, Pb, 
Zn, Ni, Cr, Co and Au are relatively higher in 
panned concentrate samples as compared to the 
other two sampled media (Fig. 8). While 
relatively high concentration of Mn, Ag and Cd 
is found in the stream sediments and talus as 
compare to panned concentrates. Therefore 
panned concentrate provide better sampling 
media for majority as compare to stream 
sediments in the study area. 

Fig. 7. Scatter plotshowing correlation of various elements in stream sediments (SS),
           panned concentrates (PC)and Talus samples (TS) from the study area.
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It is generally considered the presence of 
organic matter in surficial  sediments 
(Wehrmann et al., 2014), the relatively high 
concentration of Mn, Ag and Cd is due to the 
high content of organic matter in the stream 
sediments and talus as compare to panned 
concentrates. The usefulness of panning or 
sluicing exploration has already been indicated 
as the best technique for geochemical 
exploration of gold and base metals (Shah et al., 
2007; Ali, 2011; Ali et al., 2015).

6. Conclusions

 The following conclusions are made after 
the completion of this study;

The stream sediment geochemical survey for 
exploring economic minerals is the most 
reliable, less-e xpensive and worldwide 
established technique  and has successfully used 
for anomly identification in the current study

Ÿ Both the geo-statistical and GIS techniques 
indicates low association of gold and base 
metals, while anomalous concentration of 
gold is found in panned concentrates. 

Ÿ In addition to the geochemical analysis on 
Atomic Absorption Spectrometer, panning 
or sluicing is the best technique for 

determining the gold concentration in terms 
of colors, specks or piece. 

Ÿ The float study of the investigated area 
suggests that the sediments are mostly of 
igneous, metamorphic and reworked 
sedimentary origin.

Ÿ In all sampling media panned concentrate 
provide the best sampling media in the study 
area as compare to stream sediments and 
talus. 

Ÿ I t  i s  concluded  f rom the  de ta i led 
geochemical, geo-statistical and geo-spatial 
analyses that the Tank area is having low 
economic potential for gold and silver while 
no economic potential for base metals.
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