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Element Geochemistry Of The Kaolin Deposit 
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Abstract: Bensa kaolin deposit is found in Southern nation nationality and people of Ethiopia regional state which is 405km south of Addis Ababa, 

Ethiopia. This study presents new major and trace element chemistry of Bensa kaolin deposit to assess element characteristics  during kaolinisation 
processes and genesis of the kaolin deposit of the area. Bensa kaolin is a result of weathering of rhyolitic ignimbrite and it shows high concentration of 
SiO2 ranges between 53.6 to 68.8 wt. % and Fe2O3 (4.85-7.74 wt. %) and exhibits very limited CaO (0.27-0.62 wt. %), MgO (0.14-0.31 wt. %), P2O5 (0.1-

0.2 wt. %) and MnO (0.12-0.3 wt. %).  The highly mobile Large ion lithophile element (LILE) Sr (23.3-60.5ppm), Rb (32.3-88.4ppm), Ba (201-593ppm) 
and Cs (0.54-1.67ppm) of Bensa kaolin shows depletion pattern on the Chondrite normalized spider plot whereas the immobile High field strength 
element (HFSE) Zr (1070-1770ppm), Hf (26.8-45.4ppm), Nb (143-30ppm), Ta (9.3-14.8ppm) and REE concentrations of Bensa kaolin samples exhibit 

enrichment pattern. The major and trace element concentration of Bensa kaolin indicates samples from depth >20m and from the periphery of the 
deposit are less mature with respect to chemistry and physical property compared with samples from the center of the deposit.  The depletion of CaO, 
MgO, P2O5, MnO and LILE and the enrichment of HFSE of Bensa kaolin indicates the mobile elements have been removed from the system during the 

kaolinisation processes and it is the characteristics of supergene kaolin origin. Under very high temperature to some extent HFSE Zr can be mobilized 
and it can be removed from the system but the very high concentration of Zr in Bensa kaolin deposit reflect that the kaolinisation processes may have 
been undertook at low temperature condition.    

 
Index Terms: alteration, element mobility, genesis, kaolinisation, Supergene 

——————————      —————————— 

 

1 INTRODUCTION  
Kaolin is white to dull color low iron aluminous silicate clay 
mineral, formed by weathering and hydrothermal alteration of 
granitic and feldspatic rocks [1], [2]. Kaolin deposit can be a 
primary or secondary deposit. Primary deposits formed by 
hydrothermal alteration (hypogene kaolin) or weathering 
(supergene kaolin) of in-situ crystalline feldspatic igneous or 
metamorphic rocks while secondary kaolin deposits are a 
sedimentary origin [3], [4], [5], [6], [7]. Kaolin physical property 
is mainly depends on its chemical and physical property. 
Kaolin mainly composed of oxygen, silicon, aluminum, iron, 
and hydroxyl groups. Physically kaolin is white to nearly white 
color and fine grain sticky plastic touch. Iron concentration in 
the kaolin deposit primarily dictates its natural color [8].  
Degree of alteration and maturity of a kaolin deposit can be 
determined by the chemical compression between the host 
rock and the kaolin deposit itself. Kaolin deposit formed by 
weathering processes shows higher silica (SiO2) content in 
the kaolin which reflects lower degree of alteration of the 
host/parent rock [9]. The lower SiO2 and higher Al2O3 in kaolin 
deposit are due to intense degree of alteration/weathering of 
the parent rock [10]. According to A. Njoya et al. [10] sandy 
kaolin shows high content of SiO2 (>60%) and lower Al2O3 
(20-25%) whereas low sandy/mature kaolin exhibits lower 
SiO2 (45-49%) and higher Al2O3 due to high kaolinite content. 
Weathering/supergene kaolin show a complete loss of highly 
mobile elements MgO, MnO, CaO and Na2O which is the 
effect of kaolinisation process [11], [13], [10]. 
 
 
 
 
 
 
 
 
 
 

 
Chemical index of weathering (CIW) and chemical index of 
alteration (CIA) of any deposit can be used to determine the 
degree of transformation of k-feldspar and micas in to clay 
mineral; the high CIW and CIA value (>80) of any kaolin 
deposit shows the extreme degree of silicate weathering and 
it in turn tells us the degree of maturity of the deposit [12]. The 
mathematical calculation of CIA only defer that of CIW, CIW 
did not take K2O in to account. The mathematical approach 
used to determine both chemical indexes are; CIW = 
[Al2O3/(Al2O3 + CaO + Na2O)] x 100 [14] and CIA = 
[Al2O3/(Al2O3+ CaO + Na2O+ K2O)] x100 [15]. Trace element 
concentrations of kaolin deposits are very important indicators 
whether the deposits are hypogene or supergene. In 
supergene kaolin highly mobile elements (Sr, Rb, Ba, U and 
Cs) will be leached out from the system during early stage of 
weathering processes [16], [17]. On the contrary immobile 
elements like Ti, Hf, Zr and REE remained in the residual 
kaolin deposit during the alteration processes [17]. Higher 
content of Ba+Sr in the kaolin deposit is a characteristic of 
hypogene kaolin whereas lower content of Ba, Sr and the 
higher value of Ce+Y+La are attributed to that of supergene 
kaolin deposits [18], [19]. Different regional geological and 
geochemical investigations of kaolin deposit in different parts 
of Ethiopia have been conducted to assess their industrial 
applications [20], [21], [7]. This work intends to investigate the 
physical and geochemical (major and trace element) 
characteristics of Bensa kaolin deposits in southern Ethiopia 
to assess the genesis and physico-chemical characteristics of 
Bensa kaolin.  

 
2 GEOLOGY OF THE AREA 
In this study kaolin mineral deposit is recognized in a place 
called Bensa which is a part of southern Ethiopia. Bensa 
locality is found 405km south of Addis Ababa, Ethiopia. 
Geologically the area are situated on two distinct geological 
formations, metamorphic terrains (from south) and volcanic 
terrains (from north), are joining each other. Southward 
dominant segments of study areas are covered by 
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Precambrain basemant rocks that comprising varies types of 
metamorphic rocks (like; Hornblende-Biotite schist, Biotite 
hornblende-quartz schist, Talc schist, Amphibolite, quartzo-
feldspatic gneiss, Serpentine and other metasedimentary 
rocks) and their associated granitic intrusive rocks.  Whereas, 
the remaining northward segment of the study area is covered 
by Cenozoic volcanic terrains of Ethiopia, which particularly 
dominated by continuous layers of volcanic pyroclastic 
deposits (Ignimbrite) and basaltic lava flow deposit (basaltic 
rocks). Genetically the kaolin deposit on both localities are 
regarded basically as a product of weathering alteration 
product of feldspar rich pyroclastic volcanic rocksThe 
Cenozoic volcanic rocks cover about 144km2 of the area. 
They are mostly dominated by continuous layers of basaltic 
lava flow and pyroclastic deposit (rhyolitic ignimbrite). The 
volcanic rocks of the area found directly overlying the 
basement metamorphic rocks. The lower parts of the volcanic 
sequences found to be gentle slope forming undulating 
topography with high degree of weathering, on the contrary 
the upper parts form steep cliff with columnar jointing 
strictures.  
 

 
 

Fig. 1. Geological Map of Bensa area showing the general 
lithological distribution 

 
2.1 Geology of the host rock (Ignimbrite)   
This rock unit is mostly exposed and covers the highland 
parts of the area. In some localities the ignimbrite unit is 
exposed following streams and rivers which clearly indicate 
that their deposition following lowlands. In some parts the 
ignimbrite unit is directly overlies the Precambrian basement 
rocks by forming cliff and columnar jointing strictures where 
lower basaltic unit is absent. Whereas in areas where the 
lower basalt is present this unit is directly overlies on the 
lower basaltic successions. Along the river of Logita and 
Gambelto this rock exposure is extensively overlying on the 
basement rock, following this river in some areas the 
exposure is interrupted due to intense erosion activity. In 
different places the unit shows variation in degree of 
welddness and fragment proportions.  

 
3 METHODS 
For this study major and trace element chemistry of the kaolin 
samples and the host rock petrography were analyzed.  
During field investigation 6 pits were dug to characterize the 
physical property of the kaolin deposit and to observe 
physical property variation of the kaolin with depth (color 
variation and texture). The pits location was selected from the 
northern periphery to the southern periphery of the deposit to 
see variation of the kaolin deposit across the whole area. 1 

representative samples were collected from each of the six 
pits for both geochemical and engineering characterizations 
tests like; Durability, strength, water absorption, atterberg 
limit, hydrometer analysis, soundness and flakiness tests. 
Additionally to see the modal composition of the parent/host 
rock of the kaolin deposit petrographic analysis of the host 
rock were conducted.   The six kaolin samples major and 
trace element were analyzed at ALS (Australian Laboratory 
service) Ireland, Doblin branch. The major elements were 
analyzed by XRF and trace elements were analyzed by ICP-
MS. Accuracy and analytical procedure for both major and 
trace elements are available on the ALS official website [22] 
Engineering characterizations tests; durability, strength, water 
absorption, Atterberg limit test, hydrometer analysis, 
soundness and flakiness tests have been analyzed at Dilla 
University, Engineering and Technology college laboratory.  
Thin section preparation and petrographic analysis of the 
host/parent rock for the kaolin deposit were conducted in 
Geological Survey of Ethiopia, Addis Ababa laboratory.   

 
4 RESULTS 
 
4.1 Geology of the Kaolin Mineral Deposits    
The kaolin deposit of Bensa area found to be a product of 
intense weathering of feldspar rich rhyolitic ignimbrite unit. 
Petrographic description of the ignimbrite (host rock) show 
dominant proportion of 7% elongated flat sanidine, 5% quartz, 
5% large anhedral opaque and 2% plagioclase minerals and 
small proportion of Lithic fragment with the large proportion of 
volcanic glass (~76%) compose the rock. Glassy material is 
filling the interstices of Opaque, Sanidine, Quartz, Plagioclase 
and lithic grains. In the kaolin deposit of Bensa area small 
stream erodes the deposit around 20m thick kaolin. Several 
pits were dug on this kaolin deposit to characterize the 
deposit with in depth. Based on the data obtained from a 6m 
deep pit (pit-1, at the center) and pit-3 which is dug at 225m 
distant from pit-1 towards the northwestern direction, the 
kaolin shows white color, sticky and very fine grain texture 
with no variation in property up to 5m depth, but at 225m 
apart from pit-1 towards the southern margin of the deposit 
pit-2 was dug. In this pit, the kaolin shows dull color and 
coarser in grain size throughout depth. At the bottom of the 
pit-2 it was observed that the deposit tends to completely 
change into ash and lapilli size pyroclastic material. Pit 
samples from the center of the kaolin deposit shows (Pit-1, 
Pit-3 and Pit-5) shows white color very fine grain and sticky 
tough. But samples brought from the periphery of the deposit 
shows dull to reddish color with some grains of quartz. The 
physical characteristics of kaolin samples from different pits 
are presented in table 1 below.   
 
 
Table 1 Physical characteristics of Bensa kaolin from different 

pits with different location within the deposit 
 

 

Area  
Atterberg Limit   

Liquid limit (LL)  Plastic limit(PL)  

Sample from the center 37.92  NP  

Samples from the periphery 63.82  83.33  
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4.2 Physical property of the kaolin deposit 
Hydrometer analysis of disturbed samples was carried out for 
Bensa kaolin deposits at Dilla University, engineering and 
technology college soil laboratory. Hydrometer analysis is an 
application of stokes’ law that permits calculating the grain 
size distribution in silts and clays, where the soil particles are 
given the sizes of equivalent spherical particles. The grading 
characteristics of particles size shows that, clay fraction 
(<0.002mm) 10% and silt sized (0.002–0.074mm) particles 
are 18%. 
  
 

Table 2 showing the hydrometer analysis result of Bensa 
Kaolin 

 
 

 
 
 

Fig. 2. Graph showing grain size analysis of kaolin samples 
from the periphery of the deposit 

 

 
 

Fig. 3. Graph showing grain size analysis of Bensa kaolin 
sample from center of the deposit 

 
 

The particle size distribution curve at fig.2 and fig.3 reveals 
that, the particle size increases from left to right. The curve is 
situated relatively higher up and to the left which indicates the 
sample is fine grained soil containing clay and silts. The 
classification based on particle size may be misleading for 
fine-grained soils. The behavior of such soils depends on the 
plasticity characteristics in addition to their particle size.    For 
further kaolin characterization atterberg limit test was 
conducted according to ASTM-D 4318 and D-422 procedures 
for both area samples and the results are presented in table 
3.  
 

Table 3 showing the Plasticity test results of Bensa area 
kaolin clay 

 
During plastic limit testing, kaolin samples from the periphery 
of the deposit was easily rolled while samples from the center 
begins to crumble before rolling to a rod like 3mm thick thread 
shape. Therefore, the plastic limit of samples from the center 
could not be determined. A periphery sample has a plastic 
limit greater than its liquid limit. This indicates that the kaolin 
behaves a non-plastic (NP) characteristic. Therefore, 
according to the above specifications and atterberg limit test 
results kaolin deposits occur at both localities are clayey and 
non-plastic in nature. 
 
4.3 Geochemical characteristics of Bensa Kaolin 
4.3.1 Major element Geochemistry of Bensa Kaolin 
Whole rock major and trace element composition of Bensa 
kaolin deposits are presented in table 3 bellow. On 
Winchester and Floyd  [26] volcanic classification diagram 
(Nb/Y Vs Zr/TiO2x0.0001) plot all samples fall in the field of 
Trachyte (fig.4) except samples KO-0 and KO-2 which falls in 
the field of trachyte Com/Pant boundary. These two samples 
are brought from the periphery of the deposit and physically 
characterized as coarse grain texture. The kaolin deposits in 
the area exhibits high concentration of SiO2 ranges between 
53.6 to 68.8 wt. % and Fe2O3 (4.85-7.74 wt. %). Iron oxide 
concentrations of the deposits are extensively exceeding the 
allowed limits of kaolin for industrial application (1 wt. % 
Fe2O3; [23]). The high concentrations of iron oxide in the 
deposits is probably due to the breakdown of opaque 
minerals during weathering from the parent ignimbrite rock 
which is consistent with  the high modal proportions of 
opaque mineral in the parent/host rock (5 Vol. %). The deposit 
is characterized by low concentrations of Al2O3 (13.8 to 22.7 
wt. %) which is very low compared with commercial grade 
ceramic value (37-38 wt. %; [23]). Highly mobile major 
element oxides concentrations are low compared with Fe2O3 

in the deposits CaO (0.27-0.62 wt. %), MgO (0.14-0.31 wt. 
%), P2O5 (0.1-0.2 wt. %) and MnO (0.12-0.3 wt. %), which 
reflects a complete loss of this mobile element during 
kaolinisation processes.   Major element Na2O and SiO2 vs 

Hydrometer (samples from the 
periphery)  

Hydrometer (samples from 
the center)  

Grain size 
(mm)  

Percent finer 
(%)  

Grain size 
(mm)  

Percent finer 
(%)  

0.02415  12.59  0.02415  29.1  

0.01548  18.78  0.01548  18.78  

0.00922  13.83  0.00922  13.83  

0.00663  10.94  0.00663  10.94  

0.00475  10.52  0.00475  10.32  

0.00104  8.83  0.00104  8.63  

Pit No.   Location   
Pit 
depth  

Color  Average Grain size 

pit-1, pit-3   
The center of 
the deposit  

6m  Whitish   
Very fine grained  with 
sticky  touch 

Pit-2, Pit-
4 and Pit-
6  

Periphery of 
the deposit  

6m  

Dull at the 
top and  
Whitish at 

the bottom   

Fine at the top and 
becoming coarser at the 
bottom   

Pit-5 
From stream 

cut  
20m  Whitish   

Very fine grained  with 

sticky touch 
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LOI variation diagram show a negative correlation trend 
against, whereas Al2O3 and Fe2O3 exhibits a linear positive 
trend on the variation diagram against LOI of kaolin deposits 
of the area (fig.5). On Al2O3 versus Fe2O3 and LOI versus 
Fe2O3 variation diagrams the plot shows a linear positive 
correlation trend against. The high concentration of Fe2O3 
(4.85-7.74 wt. %) in all kaolin samples of the area and its 
positive correlation with Al2O3 and LOI on the variation 
diagram indicates intense oxidation of iron-titanium oxide 
minerals and the iron forms a more stable iron oxide for 
example goethite (αFeO.OH) in the kaolin samples of the 
area [25], [12].   
 

 
 

Fig. 4. Nb/Y Vs Zr/TiO2 X 0.0001 plot after Winchester and 
[26] of Bensa and Koshe kaolin samples 

 
 

 
 
 

Fig. 5. Bensa kaolin samples major element versus LOI 
variation diagram 

 
Table 4 Major and trace element composition of Bensa Kaolin 
 

 Wt %  K2  K3  K4  KO-0  KO-2  KO-5  

SiO2  53.6 68.8 57.6 59.1 62.2 57.8 

Al2O3  22.7 13.8 20.3 17.45 17.15 20.7 

Fe2O3  7.74 4.85 6.98 5.62 5.27 5.4 

CaO  0.29 0.27 0.27 0.53 0.48 0.62 

MgO  0.21 0.14 0.18 0.31 0.25 0.22 

Na2O  1.29 3.2 1.94 1.69 2.02 1.63 

K2O  1.53 3.75 2 2.87 3.46 2.48 

Cr2O3  <0.01  <0.01  <0.01  <0.01  <0.01  <0.01  

TiO2  0.61 0.38 0.56 0.49 0.45 0.51 

MnO  0.3 0.19 0.26 0.16 0.12 0.13 

P2O5  0.01 0.02 0.01 0.02 0.01 0.01 

SrO  0.01 <0.01  <0.01  <0.01  <0.01  <0.01  

BaO  0.06 0.02 0.04 0.07 0.06 0.05 

LOL  11.75 5.67 10.2 10.85 9.19 11.1 

Trace element PPM 

C 0.02 0.02 0.07 0.16 0.09 0.01 

S <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Ba 548 201 312 593 505 479 

Ce 528 262 361 406 302 343 

Cr <10 <10 10 20 10 10 

Cs 1.29 1.52 1.67 1.41 1.23 0.54 

Dy 20 22.7 26.3 26.2 22.9 22 

Er 12 13.65 14.75 15.85 13.1 12.45 

Eu 2.38 2.56 2.97 4.69 3.72 3.91 

Ga 58.8 35.8 53.3 43.5 43.7 54 

Gd 19.95 23.8 25.8 26.9 22.9 22.9 

Ge <5 <5 <5 <5 <5 <5 

Hf 44.6 26.8 38.5 35.5 33.1 45.4 

Ho 3.96 4.51 5.11 5.3 4.73 4.41 

La 128.5 135.5 156.5 169.5 146.5 139 

Lu 1.79 1.91 2.14 2 1.72 1.58 

Nb 230 143 209 181.5 178 219 

Nd 124.5 138.5 152.5 169 144 134.5 

Pr 35.2 35 40.8 44.1 37.1 35.6 

Rb 32.3 88.4 44.2 76.2 81.1 55.9 

Sm 24.9 25.8 29.3 32.9 27.7 27.4 

Sn 12 8 12 11 10 13 

Sr 28.4 25.7 29.4 28.5 23.3 60.5 

Ta 14.5 9.3 12.7 11.5 11.3 14.8 

Tb 3.31 3.71 4.3 4.24 3.72 3.68 

Th 29.8 18.2 26.3 19.25 19.05 23.7 

Tm 1.69 2.01 2.3 2.28 1.91 1.91 

U 1.19 3.59 2.55 2.8 3.13 3.22 

V 22 14 17 33 22 18 

W 3 2 2 2 2 2 

Y 83.3 113 114.5 138.5 119 108.5 

Yb 12.55 13.3 15.1 14.6 12.65 12.15 

Zr 1770 1070 1670 1380 1350 1750 

As 0.4 0.7 1 1.7 0.8 0.8 

Bi 0.16 0.05 0.13 0.12 0.09 0.2 

Hg <0.005 <0.005 <0.005 0.011 0.012 0.006 
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In 0.214 0.073 0.182 0.152 0.139 0.138 

Re 0.001 0.001 0.002 0.002 <0.001 0.002 

Sb 0.09 0.07 0.09 0.11 0.07 0.06 

Se 2 1.3 2.2 1.9 1.5 1.6 

Te 0.03 0.02 0.01 0.03 0.01 0.01 

Ti 0.44 0.19 0.39 0.23 0.14 0.17 

Ag <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

Cd <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

Co 5 3 3 5 2 2 

Cu 3 2 3 6 5 4 

Li 30 20 30 30 30 30 

Mo 1 4 1 3 4 3 

Ni 6 3 5 16 11 19 

Pb 26 11 23 18 16 14 

Sc 10 7 10 5 4 4 

Zn 252 257 302 210 206 200 

 
4.3.2 Trace element Geochemistry of Bensa Kaolin 
LOI versus trace element variation diagrams for Bensa kaolin 
are presented in figure 6 bellow. On the variation diagram 
high field strength elements (HFSE) Zr and Nb show a 
positive linear correlation trend with LOI, which implies HFSE 
concentrations increase with increasing of degree of 
alteration. On the contrary large ion lithophile element (LILE) 
(Rb and Cs) with minor exception exhibits a decreasing 
pattern with LOI on a variation diagram, which is indicator of 
LILE leaching out from the system when degree of weathering 
becomes more intense. Large ion lithophile element (LILE) Sr 
(23.3-60.5ppm), Rb (32.3-88.4ppm), Ba (201-593ppm) and 
Cs (0.54-1.67ppm) shows depletion pattern on the Chondrite 
normalized spider plot (normalization value after R.N. 
Thompson [27]) (fig.7) in all samples of the area. LILE are 
highly sensitive element for secondary processes like 
weathering and kaolinisation of alkali feldspar rich source 
material. However hydrothermal alteration cannot fractionate 
LILE sensibly from the primary rock during kaolinisation 
processes [16], [17]. High field strength element (HFSE) Zr 
(1070-1770ppm), Hf (26.8-45.4ppm), Nb (143-30ppm), Ta 
(9.3-14.8ppm) and REE concentrations of Bensa kaolin 
samples exhibit enrichment pattern over LILE. HFSEs are 
immobile elements and therefore during weathering process 
there concentrations are not expected to be affected. On 
Chondrite normalized REE diagram Eu shows very strong 
negative anomaly. In most felsic rock the negative anomaly of 
Eu reflects the fractionation of plagioclase feldspar mineral 
from the magmatic system during the genesis of the parent 
rock for the kaolin deposit (ignimbrite of the area in this case).  
Eu is incompatible element for all phases except plagioclase. 
Therefore the negative anomaly of Eu in the REE diagram 
could also be the result of breakdown of plagioclase during 
kaolinisation processes and/or the effect of both processes. 
Chondrite normalized REE diagram shows depletion of LREE 
over HREE which is a characteristic of most felsic rock. 
Bensa kaolin enrichment of LREE over HREE in the 
Chondrite normalized REE diagram is probably the kaolin 
deposit of the area inhabits the source rock geochemical 

signature.  
 

 
 

Fig. 6. Bensa kaolin samples trace element versus LOI 
variation diagram 

 
 

 
 
 

Fig. 7. Chondrite normalized spider diagram (normalization 
value after R.N. Thompson [27]) and Chondrite normalized 

REE diagram (Normalization value after W.V. Boynton [28]) of 
Bensa kaolin 

 

5 DISCUSSION 
 
5.1 Alteration processes and element mobilization during 

kaolinisation 
The very low K2O/Al2O3 ratio in any kaolin deposit implies a 
complete kaolinisation of K-feldspar and micas, K2O/Al2O3 
ratio greater than 0.1 shows incomplete kaolinisation of K-
feldspar and micas [12]. In Bensa kaolin sample K2 and k4 
have K2O/Al2O3 ratio <0.1 indicating a complete kaolinisation 
of k-feldspar and micas but the rest of the samples from the 
area show a range of K2O/Al2O3 ratio (0.16-0.27) which is due 
to incomplete kaolinisation processes of k-feldspar and micas 
in the deposit. To evaluate the degree of alteration in the 
kaolin deposit chemical index of weathering (CIW) [14] and 
chemical index of alteration (CIA) [15] have been calculated 
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for Bensa kaolin deposit. CIW for Bensa kaolin deposit ranges 
from 79.9 % to 93.5 % and the CIA varies from 65.6 % to 87.9 
% within the deposit. CIA versus CIW plot on a variation 
diagram can be used to determine the degree of silicate 
weathering [12]; the Bensa kaolin CIA vs. CIW plot sample 
number k3, ko-2 and ko-0 fall in the field of moderately silicate 
weathering area whereas sample ko-5, k5 and k2 fall on 
extreme silicate weathering field (figure 8). Samples 
characterized as moderately weathered silicate ko-2 and ko-0 
are collected from the periphery of the kaolin deposit and k3 
are collected from 20m deep stream cut and it is consistent 
with sandy grain physical property. Sample ko-5, k5 and k2 
are brought from the middle of the deposit and its physical 
property is very fine sticky white color. The samples plot on 
the CIA vs. CIW diagram (after N. N. Bukalo et al. [12]) shows 
samples from the periphery and depth bellow 20m of the 
deposit shows low to moderate degree of silicate weathering; 
on the contrary samples from the middle of the deposit with 
less than 20m depth show a high degree of silicate 
weathering in the area.  
 

 
Fig. 8. Chemical index of alteration (CIA) versus chemical 

index of weathering (CIW) of Bensa kaolin plots area modified 
from N. N. Bukalo et al. [12] 

 
Supergene kaolinisation processes usually concentrate HFSE 
in the kaolin deposit and strongly deplete the immobile LILE 
[17], [29].  The Bensa kaolin deposit exhibits a very restricted 
value of LILE (Sr, 23.3-605ppm; Rb, 32.3-88.4ppm; Cs, 0.54-
1.67 ppm). Feldspar alteration during kaolinisation processes 
release Ca, Na, K and Ba in to altering solutions [29], [30].  
During weathering processes these highly mobile elements 
can be easily leached out from the system. Samples having 
coarse grain and dull color which brought from 20m deep 
stream cut exhibits relatively high concentration of SiO2 (68.8 
wt.%) whereas samples from the middle of the deposit shows 
depletion of SiO2 (53.6-591 wt.%) and enrichment of Al2O3 
(22.7 wt. %) and HFSE (Zr, Hf, Nb, Ta and REE). The 
contrasting pattern of HFSE and LILE between the more 
matured kaolin and immature/coarse grain sandy kaolin 
deposit in Bensa area reflects the intensity of weathering. 
HFSE Zr, Hf, Ta, Nb and REE are immobile during most 
alteration processes [31]. Therefore we conclude that the 
weathering processes during kaolinisation of Bensa kaolin 
deposit concentrates the HFSE and depletes the LILE in the 
kaolin. Degree of kaolinisation processes can be also 
estimated from the relationship between LOI and Al2O3, SiO2 
on a variation diagram [32]. Strong linear positive correlation 
trend between LOI vs Al2O and negative trend between LOI 

and SiO2 on a variation diagram (fig.5) of Bensa kaolin 
reflects high degree of alteration concentrates Al2O3 and 
depletes SiO2 in the kaolin deposit.   
 
5.2 Genesis of the kaolin deposit  
Depend on the processes involved during kaolinisation of a 
parent material the deposit can be hypogene or supergene 
kaolin [3], [4], [5], [6]. Hypogene kaolin is formed due to 
hydrothermal alterations of the parent material. Hydrothermal 
alteration principally concentrate LILE and a typical kaolin 
deposit formed by hydrothermal fluid have SiO2/Al2O3 (1.04-
1.45) [33], [29]. Bensa kaolin deposit shows SiO2/Al2O3 ratio 
ranges between 2.36 and 4.98, Ce+Y+La (<739) and Ba+Sr 
(<622) this range of trace element is a characteristics of 
Supergene kaolin [34]. The very restricted value of P2O5 
(0.01-0.02 wt. %), S (<0,01ppm; below the instrument 
detection limit) of Bensa kaolin deposit is consistent with its 
supergene origin, according to [35] hypogene kaolin deposit 
characterized by high concentrations and increment of P2O5, 
S and Sr with increment of degree of alteration. Bensa kaolin 
deposit geochemistry shows enrichment of HFSE, the very 
high Zr value of the deposit (1070-1770ppm) may reflects the 
alteration/weathering processes for Bensa kaolin occurred at 
low temperature. High temperature alteration sometimes 
cause mobilization of HFSE and can leach out Zr from the 
system and decrease its concentration in the deposit but low 
temperature alteration processes may concentrate Zr in the 
deposit [36]. REE diagram of Bensa kaolin deposit indicates 
extreme enrichment of LREE (eg. La, 128.5-169.5ppm; Ce, 
262-528ppm) over HREE (Lu, 1.58-2.14ppm; Yb, 12.15-
14.1ppm). All samples of the area have La/Lu ratios between 
(70-87) and (La/Lu)N ratio of greater than 1. The deposit 
contrasting pattern of LREE and HREE with depletion of Sr, 
Rb, Ba, P2O5, MnO and relatively high concentration of Fe2O3 
and positive correlation of Fe2O3 with LOI on a variation 
diagram indicates that the parent rock for the kaolin deposit 
are weathering of felsic volcanic rock composed of 
plagioclase and Alkali feldspar in which the kaolinisation 
processes were the result of meteoritic fluids having low pH 
and low concentrations of carbonate species, or hydroxyl and 
halogens [37],[38], [39].. 
 
 

 
 

Fig. 9.  Bensa kaolin samples on discrimination diagram of 
supergene-hypogene alteration of kaolin (fields are after H.G. 

Dill et al. [34]) 
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6 CONCLUSION 
1. Physical and Geochemical properties (color, grain 

size of the kaolin and Al2O3 and SiO2) of Bensa kaolin 
deposit shows maturity of the kaolin decrease with 
depth and towards the periphery of the deposit. 

2. Bensa kaolin deposit geochemistry, enrichment of 
HFSE (Zr, Hf, Nb Ta and REE) and strong depletion 
of LILE (Rb, Sr, Ba and Cs) with SiO2/Al2O3 ratio, 
high Ce+Y+La, low Ba+Sr and the very restricted 
value of P2O5 and S of the deposit indicates the 
kaolin genesis is supergene (weathering) of felsic 
volcanic rock composed of plagioclase and Alkali 
feldspar.  

3. Contrasting pattern of LREE and HREE (high La/Lu 
ratio) with depletion of Sr, Rb, Ba, P2O5, MnO of 
Bensa kaolin indicates that the kaolinisation 
processes were the result of meteoritic fluids having 
low pH and low concentrations of carbonate species, 
or hydroxyl and halogens and the very high Zr value 
of the deposit (1070-1770ppm) may reflect the 
alteration/weathering processes for Bensa kaolin 
occurred at low temperature.  

4. Relatively high concentration of Fe2O3 and positive 
correlation of Fe2O3 with LOI indicates the formation 
of more stable iron oxide in the kaolin deposit  
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