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Črešnjevec is one of the largest and long-active landslides in southern hilly zone of Medvednica Mt. that 
belongs to residential area of the City of Zagreb and where the problem with landslides occurs for decades. The first 
activity of Črešnjevec was recorded in 1960s and it continues until today. According to MIHALINEC et al. (2002) the 
landslide body consists of Pliocene – Pleistocene and Upper Miocene sediments with sliding surface at approximately 12 
m of depth in zone of contact between two mentioned types of sediments. The aim of this paper is to represent a 
mineralogical composition of sediments from Črešnjevec landslide to see whether or not a mineralogical composition, 
especially clay minerals, has an influence on physical and mechanical properties of landslide sediments making them 
sensitive to sliding. Because of different environmental conditions during the Pleistocene and Upper Miocene periods 
(KOVAČIĆ & GRIZELJ, 2007; GRIZELJ et al., 2017), it was expected that the mineral composition would be also 
different. Furthermore, it was assumed that samples from shear zone would contain expandable clay minerals and high 
values of Atterberg limits and external specific surface area. Mineralogical and geotechnical analysis were conducted on 
15 samples collected from Črešnjevec 35 m deep borehole drilled in 2016. during the project of Detail Engineering 
Geological Map of Podsljeme urbanized area M 1:5000 – Phase II (MIKLIN et al., 2016), in which three types of 
sediments were recognized: (a) heterogeneous Pleistocene sediments, (b) red sandy clays of presumed Upper Miocene-
Pliocene age and (c) silts and sandy silts of Upper Miocene age.  

Atterberg limits were determined according to ASTM D 4318 – 10 (2010) standard proceeding. Residual shear 
strength parameters were obtained with standard direct shear test procedure. Specific surface area (SSA) was calculated 
from the Kozeny – Carman equation for hydraulic conductivity (URUMOVIĆ & URUMOVIĆ, 2016). Qualitative 
mineralogical analyses were performed by X-ray powder diffraction on random mounts of bulk samples and oriented 
mounts of <2 μm fraction. Oriented mounts of the <2 µm fraction were record after the following treatments: a) air 
drying, b) saturation with K+, c) solvation of K+ saturated mounts with ethylene-glycol, d) saturation with Mg2+, e) 
solvation of Mg2+ mounts with glycerol, f) heating to 400°C and g) heating to 550°C. Semiquantitative mineral 
composition of samples was obtained based on interpretation of bulk diffraction patterns and data processing in 
“RockJock” quantification program (EBERL, 2003). 

The main differences among all three sediment units are in carbonate and clay minerals content. Namely, 
heterogeneous Pleistocene sediments consist mostly of vermiculite, feldspars and quartz which are the main minerals in 
samples. Other mineral components in this unit are kaolinite, micas (illite and muscovite), goethite and amphiboles. Silts 
and sandy silts of Upper Miocene age consist mainly of quartz and micas in various quantitative ratios. They are in 
association with feldspars, carbonate minerals (dolomite, calcite), chlorite, smectite, kaolinite and goethite. Red sandy 
clays consist predominantly of quartz and micas in association with kaolinite, feldspar, goethite and small amount of 
vermiculite. Three of all samples match a shear zone with sliding surface. One of them is from units of heterogeneous 
Pleistocene sediments and other two from unit of red clays. They all have high clay content (38-76 %). The following 
mineral phases were detected in fraction <2 µm: kaolinite, mica and two types of vermiculite (one with diffraction 
maximum on 18 Å and other with diffraction maximum on 14.5 Å, after solvation of Mg2+ mounts with glycerol). 
Furthermore, these samples have the highest values of liquid limits (41-86 %) and plasticity index (22-49 %) as well as 
SSA (60-126 m2/g) and very low residual shear strength parameters (cr1=7 kNm-2, cr2= 6 kNm-2, φr1=13.5°, φr2=11.2°). 
According to obtained results it can be concluded that clay mineralogy, as a result of different sedimentation conditions, 
obviously had great influence on formation of sliding surface.  
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Halloysite is a natural 1:1 layered aluminosilicate clay mineral belonging to the kaolin group which 

exhibits a unique tubular morphology. It has active surface hydroxyl sites which allow to attract ions from 
aqueous solutions due to protonation/deprotonation phenomena. Industrial activity often produces wastewaters 
containing anionic pollutants. These are hard to remove or neutralize by most of the mineral sorbents which 
usually have cation exchange properties. Previous studies indicated that halloysite could be used as a very 
promising material especially for removing As(V) from aqueous solutions (MATUSIK, 2014; MAZIARZ & 
MATUSIK, 2016). Typical sorbents capable of immobilizing anionic pollutants are rare and usually based on 
layered double hydroxides (LDH). The composition of these anionic clays is expressed by a general formula 
[(M)2+

1-xM3+
x(OH)2]x+[An-

x/nyH2O], where M2+ and M3+ are divalent and trivalent metal cations, respectively. 
The isomorphous substitution in octahedral sites of the brucite-like layers results in a net positive charge, 
which is neutralized by the hydrated anions occupying the interlayer space. A disadvantage of using LDH as a 
sorbent is their limited structural stability at low pH. Therefore, the aim of this work was to synthesize 
halloysite-LDH composites and to examine their sorption capacity towards As(V) and Cr(VI). 

For this study halloysite sample was obtained from Dunino deposit located near Legnica in Lower 
Silesia (Poland). In turn, LDH of Mg-Al type was synthesized in laboratory by co-precipitation method. Raw 
halloysite and pure LDH were used for preparation of halloysite-LDH composites containing 5, 15 and 25 
wt%. of LDH. The composites were prepared by two different approaches: direct precipitation of LDH in 
halloysite suspension and physical mixing of the two minerals. The sorption of As(V) and Cr(VI) was 
conducted for initial concentration of 1 and 5 mmol/L and initial pH 5. The suspensions (solid/solution ratio: 
20 g/L) were shaken for 24 h at room temperature. Afterwards the anions concentration in the supernatant 
solutions was measured using colorimetric methods: molybdenum blue method for As(V) and 
diphenylcarbazide method for Cr(VI).  

The XRD pattern of the halloysite sample showed a basal peak at 7.2 Å, which confirmed the 
presence of dehydrated halloysite-(7 Å). The basal spacing for pure Mg-Al LDH was equal to 7.7 Å which is 
in agreement with other studies indicating the presence of carbonates in the interlayer space. The IR spectra of 
the halloysite showed bands characteristic for kaolin group minerals related to the OH-stretching (3694 cm-1 
and 3622 cm-1). Additionally, the bands associated with stretching and bending vibrations of aluminosilicate 
framework (1200–400 cm-1) were noticed. The IR spectra of LDH showed characteristic O-H and H2O 
vibrations in the range of 3600–3300 cm-1. The presence of carbonates balancing the structural charge was 
reflected by a band in the range of 1430–1350 cm-1. The absorption bands at ~670 and ~550 cm−1 were 
attributed to Al–O bond and Mg-O vibrations. The XRD patterns of halloysite composites with LDH showed 
peaks which could be attributed to both phases. The LDH peaks intensity increased along with its content in 
the composite. The same observations were made for the absorption bands in the FTIR spectra.  

The sorption capacity of all samples was very high regardless of the synthesis approach and the tested 
concentrations were much higher than those found in industrial wastewaters. The highest uptake of As(V) and 
Cr(VI) was measured for the pure Mg-Al LDH in the 5 mmol/L initial solution where it reached 255 mmol 
As(V)/kg and 250 mmol Cr(VI)/kg. An increasing content of LDH in composites caused an increase of 
sorption as compared to the raw halloysite, which adsorbed only 22.7 mmol As(V)/kg and 26.6 mmol 
Cr(VI)/kg from 5 mmol/L solution. This proves that sorption is mainly connected with anion-exchange of 
As(V) and Cr(VI) for CO3. The sorption capacity of halloysite and halloysite-based composites was lower 
than that calculated for the LDH. However, the use of halloysite as a support for LDH aimed at increasing pH 
stability of the new hybrid sorbent.  
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