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Purpose. To study the features of a rare variety of halloysite found in the weathering crust of the
Derenyukhinskiy gabbro-peridotite massif (located in the the Middle Pobuzhzhya, Southern Buh
River region of Ukraine).

Methodology. The study of samples was performed using several techniques: X-ray diffraction
analysis (XRD), thermal analysis, optical microscopy, X-ray fluorescence analysis (XRF) and
fluorescence spectroscopy.

Findings. A rare chromium-containing variety of halloysite has been identified in the weathering
crust of the Derenyukhinskiy gabbro-peridotite massif. Its remarkable features are blue colour, Cr203
content in the amount of up to 2.47% and luminescence under ultraviolet radiation. The study of the
excitation and emission spectra showed that the maximum luminescence of this variety of halloysite
occurs when irradiated with waves with a length of 367 nm, and the emission wavelength corresponds
to the region of 390-500 nm, with a maximum at 424 nm. The studied sample was actually a mixture
of two mineral species: halloysite (10A) and halloysite (7A) or metahalloysite. Aluminian chromite
was identified in association with them, and impurities of kaolinite, clinochlore, quartz and goethite
were detected. The formation of the mineral aggregate was due to chemical weathering of primary
silicates and oxides, which were part of the rocks of the Derenyukhinskiy massif.

Originality. Halloysite has been identified for the first time in the weathering crust of the
Derenyukhinskiy gabbro-peridotite massif (Middle Pobuzhzhya). It was found that chromium-
containing halloysite exhibits violet luminescence under ultraviolet radiation. The fluorescence
spectrum of the mineral also has been studied.

Practical implication. Detection of luminescence of chromium-containing halloysite may be
helpful in the use of composite materials made of this mineral, designed to remove chromium from
wastewater.

Keywords: Middle Pobuzhzhya, chromium-containing halloysite, luminescence, fluorescence
spectroscopy, chemical weathering.

Introduction. The name "halloysite" is used for two mineral species of the
kaolinite group: halloysite (10A) and halloysite (7A), which differ in certain
parameters of the crystal lattice and the number of water molecules per unit formula
[1]. The first mineral has the chemical formula Al,[Si,Os](OH)s x 2H,0, while the
second one is a dehydrated compound having the formula Al,[Si,05](OH)4 and the
synonym "metahalloysite". The peculiarity of their crystal structure is that the packages
of tetrahedral and octahedral layers are folded into hollow tubes. Homogeneous
mixtures of these minerals commonly occur in nature and the general term "halloysite"
is applied to such mixtures. Chemically pure natural halloysite is characterized by
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white colour and has no luminescent properties.

In Ukraine, halloysite is a relatively common mineral whose formation is
associated with metasomatic processes and chemical weathering of rocks. It was found
by the author in association with alunite and gibbsite at the Nikopol manganese deposit
in the contact zone between the manganese oxide ore and the clay rock overlapping it.
It was concluded that the minerals were formed due to sulfuric acid weathering [2]. In
the Middle Pobuzhzhya region of the Ukrainian shield (Southern Buh River area),
halloysite was diagnosed by predecessors in the weathering crust of the
Lypovenkivskiy and Kapitanivskiy ultrabasite massifs. It was found in rare aggregates
forming thin veinlets and small concretions among ocher and ocher clays, and also as
an impurity in green chromium-containing montmorillonite clay, which was located in
some parts of the surface of the weathering crust [3].

Lately, halloysite has become of great interest to researchers because, due to its
properties, it is used in the manufacture of advanced materials [4, 5]. Studies have
shown the suitability of nanocomposite material based on halloysite for purification of
wastewater from such a toxic element as chromium [6]. Chemical adsorption of
complex Cr(VI) anions on halloysite nanotubes with its reduction to Cr(IIT) has been
proven.

Some geological processes also lead to the appearance of halloysite which
contains chromium. Cr-bearing montmorillonite and halloysite were described in the
veins formed as a result of hydrothermal alteration of ultrabasic rocks of the
Crommyonia region (Greece) [7]. Chromium montmorillonite of this area has a light
green color and contains 6.2 wt% Cr,03, and chromium halloysite is blue, with average
content of Cr,03 4.3 wt%. The authors of the cited article concluded that Cr(IIl) ions
should occupy octahedral positions in the crystal structure of both clay minerals. They
considered chromium-spinel to be the source of this element wich was leached by
acidic hydrothermal solutions.

To date, chromium-containing halloysite has not been described in Ukraine.

The purpose of this study is to examine the features of a rare variety of halloysite
found in the weathering crust of the Derenyukhinskiy gabbro-peridotite massif (located
in the the Middle Pobuzhzhya, Southern Buh River area of Ukraine).

Brief information about the geology of ultrabasites of the Middle
Pobuzhzhya. The Middle Pobuzhzhya is a geological region in the southwestern part
of the Ukrainian shield. Archaean intrusions of ultrabasites common in this area are
divided into two complexes: Kapitanivskiy (dunite-harzburgite formation) and
Derenyukhinskiy (dunite-peridotite-gabbronorite formation) [8]. The massifs
belonging to the first complex consist of serpentinized peridotite, dunite and
harzburgite. They contain deposits and ore occurrences of chromite ores. The rocks
of the second complex include gabbroids (gabbronorite, norite), peridotite,
pyroxenite, and sometimes dunite. Zones of sulfidization were observed at the contact
of ultrabasites and gabbroids. Mesozoic weathering crust over the massifs of both
complexes enclose silicate nickel deposits. The following layers are distinguished in
the weathering profile (from bottom to top): disintegrated rocks, hydromica zone,
nontronite zone, ironstone and ocher zone.
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Materials and methods. In the quarry of the Southern section of the
Derenyukhinskiy nickel deposit, among the loose hydromica-nontronite rocks of the
weathering crust, the author of this article discovered a lenticular-shaped mineral
aggregate, which differed from the host rock in blue color. Samples were selected for
the study, which was conducted using a binocular optical microscope, polarizing
optical microscope, X-ray diffraction analysis (XRD), thermal analysis, ultraviolet
gemological lamp, X-ray fluorescence analysis (XRF) and fluorescence spectroscopy.

X-ray diffraction analysis was performed in the laboratory of the Institute of
Geochemistry, Mineralogy and Ore Formation named after M.P. Semenenko of
National Academy of Sciences of Ukraine using an automatic diffractometer DRON-
3M. A file of standards of the PDF-2 2003 database of the International Center for
Diffraction Data (ICDD) was used for the identification of mineral phases, with
application of the PCPDFWIN program. The positions of the diffraction maxima on
the diffractograms were compared with the reference values for minerals in this
database.

Thermal analysis was performed in the laboratory of differential thermal analysis
of the Ukrainian State University of Chemical Technology (Dnipro) using the
"Derivatograph Q - 1500 D" device.

Energy dispersive X-ray fluorescence analysis was used to study the chemical
composition of minerals and their aggregates. It was performed in the Laboratory of
Analytical Research of Dnipro University of Technology using an X-ray fluorescence
spectrometer "ElvaX plus", which allows to determine chemical elements from Na to
U. Characteristic X-rays generated by the atoms of the test sample during the
experiment were recorded with a detector and analyzed according to the calibration
characteristics of the device.

The luminescence of the sample was studied using a spectrofluorimeter
"Fluorolog FL 3-22". The device comprises two spectrometers, one of which measures
the excitation spectrum and the other measures the photoluminescence spectrum. In the
study, light from the source passed through the first spectrometer and was directed
through the powdered sample. The luminescence from the sample was filtered using
an emission spectrometer, from which the signal was fed to the detector. Initially, waves
of different lengths were sent to the sample and the excitation spectrum was recorded.
In the second stage of the analysis, only rays with a certain wavelength were used and
the luminescence spectrum was recorded (a change in the fluorescence intensity
depending on the wavelength emitted by the sample). Photoluminescence spectra were
studied at the "Fluorescence Spectroscopy" Center for Collective Use of Instruments
of the National Academy of Sciences of Ukraine (the Department of Lanthanide
Chemistry of the Physicochemical Institute named after A.V. Bogatsky, NAS of
Ukraine, Odessa).

Results. The mineral aggregate of halloysite is dense, cryptocrystalline, its
hardness is 1-2. The colour is uneven, mostly light blue, with small white areas,
the streak is white, lustre varies from waxy to earthy. There are tortuous cracks (Fig.
1) in some places, characteristic of metacolloid formations, as well as thin veinlets
composed of brown goethite aggregate. Microscopic isometric black inclusions of

156



Hayxu npo 3emnio

aluminian chromite and scaly colorless grains of clinochlore with vitreous lustre
were observed in the blue mass when samples were studied using a binocular optical
microscope.

Fig. 1. A sample of halloysite from the weathering crust of the Derenyukhinskiy
massif.

The shape of the differential thermal analysis graph of the sample of the blue
mineral aggregate is typical for hydrated halloysite. It recorded two endothermic
effects and one exothermic one, with a maximum at a temperature of 970 °C. The first
endothermic effect in the temperature range of 100-200 °C is associated, according
to [1], with the release of adsorbed water. The second one, with a maximum at
550 °C, has a larger amplitude and is caused by the release of water, which was part
of the crystal structure in the form of hydroxyl groups. The exothermic reaction is
caused by the crystallization of the amorphous phase, which formed when the sample
was heated. The graph of thermogravimetric analysis recorded a decrease in the
mass of the sample in two temperature intervals, which coincide with the
temperature of the above-described reactions of dehydration of halloysite and
destruction of its crystal lattice.

The results of X-ray diffraction analysis revealed that the main mineral of the
aggregate was partially dehydrated halloysite (metahalloysite); hydrated halloysite
and a small amount of impurities of kaolinite and clinochlore were also present in
the sample. The diffraction maximum of metahalloysite (d = 0.445 nm) has the
highest intensity on the diffractogram (Fig. 2), and other peaks corresponding to the
interplanar distances of this mineral are observed: 0.770 nm (001), 0.363 nm (002),
0.257 and 0.239 nm. Reflexes 001 and 002 are expanded, which indicates a disorder
of its crystal structure. The maxima of d = 1.007 nm (001) and 0.237 nm of hydrated
halloysite were also recorded. Kaolinite’s reflexes correspond to d = 0.430 nm,
0.356, 0.249 and 0.233 nm. Weak maxima corresponding to interplanar distances of
1,410 nm, 7,080 nm and some others match clinochlore.
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Fig. 2. The diffractogram of the halloysite sample (Cox.« radiation).
The names of mineral phases and values of interplanar distances in angstroms are

shown near diffraction maxima (MHIs — metahalloysite, Hls — halloysite, Kin -
kaolinite, Clc - clinochlore).

Halloysite samples show fluorescence of violet colour under long-wave
ultraviolet radiation (Fig. 3).

Fig. 3. Fluorescence of halloysite sample from the weathering crust of the
Derenyukhinskiy massif.

The excitation and luminescence spectra were obtained wusing a
spectrofluorimeter. The excitation spectrum consists of a wide band in the region of
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320-400 nm with a maximum at 367 nm. When the sample is irradiated with waves of
this length, luminescence is registered in the form of a wide (half-width is 84 nm) band
in the region of 390-500 nm with a maximum at 424 nm and a shoulder at 433 nm (Fig.
4).
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Fig. 4. The fluorescence spectrum of the studied halloysite.

X-ray fluorescence analysis (XRF) of clean halloysite samples showed that, in
addition to the main chemical elements (silicon and aluminum), the clay mineral
contains impurities of chromium and some other metals. The content of Cr,0O3 in the
samples was 1.87 ... 2.47%, Fe,O3 — 1.49 ... 2.23%, MgO — up to 1.89%, CaO —
0.40 ... 1.72%, TiO, — 0.42 ... 0.60%.

When studying the samples in thin sections, it was observed that there were areas
of halloysite with a very weak double refraction (0.002), which gradually turned
into zones with higher double refraction (0.007) and undulose extinction (Fig. 5).
There were angular-rounded black crystals of opaque mineral (aluminian chromite)
and flakes of biotite replaced by clinochlore in the aggregate.
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Fig. 5. The aggregate in thin section (a — plane polarized light, b - cross-
polarized light). The diameter of the field of view is 2 mm.

Aluminian chromite is contained in the aggregate of halloysite in the amount
of 1-2%. Its grain sizes are 0.01-0.25 mm in diameter, colour is black, lustre is
submetallic. The mineral was diagnosed with the help of X-ray diffraction and X-ray
fluorescence techniques. For these studies, the clay specimen was soaked in water, and
a sample enriched with ore mineral was taken from the suspension. XRF analysis
revealed Cr,O3 content of 50.56% in it.
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Fig. 6. The diffractogram of the sample enriched in chromite
(Coka radiation). Chr-(Al) - aluminian chromite, Qz - quartz.
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On the diffractogram obtained studying the same sample (Fig. 6), all diagnostic
reflexes of aluminian chromite were recorded. In addition to them only the strongest
of the X-ray maximum corresponding to quartz was registered, which indicates that the
latter mineral is present in a very small quantity.

Discussion. It is known that the luminescence of minerals is caused by
luminophores (certain ions, complex anionic groups or defects in the crystal structure)
[9, 10]. They include, in particular, the Cr(III) ion, which is a chromophore as well and
causes the colour in minerals. Presumably, the blue colour and violet fluorescence of
the studied halloysite are due to the presence of trivalent chromium ions in it. The
latter could occupy sites in the crystal lattice of the mineral or be chemically adsorbed
on the surface of its nanoparticles. It should be noted that kaolinite, which is the main
associated mineral of the studied halloysite, sometimes has luminescent properties,
but they show only when the mineral is irradiated with cathode rays (fast electron flux)
[10].

When considering the genesis of halloysite of the weathering crust of the
Derenyukhinskiy massif, it should be taken into account that the composition of
hypergenetic products depends on both the initial mineral associations and the
physicochemical conditions of the weathering process. For example, according to [11],
the leading role in the formation of clay minerals is played by pH: kaolinite and
halloysite form in an acidic environment, montmorillonite — in an alkaline one.
Chrome spinels are resistant to chemical weathering. They accumulate in the upper
layer of the weathering crust and can then undergo mechanical scattering. However, it
was noted that the chromium content in chromites from the weathering crust of the
Middle Pobuzhzhya (34-28%) is lower compared to primary ores (39-43.5%) due
to partial oxidation of minerals and chromium replacement by iron [12]. Therefore,
chromium which is responsible for the colour and luminescence of the studied
halloysite could come into solutions during chemical weathering of chromite.

It can be assumed that in the area where the halloysite aggregate was formed,
the composition of the original rock and weathering conditions differed from those that
existed nearby. As noted above, sulfidization was observed at the contact of
ultrabasites and gabbroids in the massifs belonging to the Derenyukhinskiy complex.
It is probable that, due to chemical weathering of sulfides which occurred above, quite
acidic solutions (pH 3-5) were created. Due to the partial chemical change of accessory
aluminian chromite, trivalent chromium was oxidized to the hexavalent state and
entered the solutions. There was also a gradual dissolution of the primary silicates with
almost simultaneous formation of new mineral in the form of Cr-containing halloysite.
Over time, the colloidal substance lost water which was accompanied by cracking and
halloysite (10A) turned into halloysite (7A).

Conclusions. The results of the study supplement the preexisting information on
the mineralogy and geology of the Middle Pobuzhzhya region. For the first time,
halloysite was identified in the weathering crust of the Derenyukhinskiy gabbro-
peridotite massif. It is a mixture of two mineral species: halloysite (10A) - hydrated
halloysite and halloysite (7A) - metahalloysite. Specific features of the minerals are
blue colour and the content of Cr,O3 in the amount of up to 2.47%.
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It was found that Cr-containing halloysite exhibits violet luminescence

under long-wave ultraviolet radiation. The excitation and emission spectra of the
mineral mixture have been studied.

Aluminian chromite was diagnosed in association with halloysite; impurities of

kaolinite, clinochlore, quartz and goethite were also detected. The formation of the
studied mineral aggregate was due to the chemical weathering of primary silicates and
oxides which were part of the rocks of the Derenyukhinskiy massif.

Discovery of luminescence of Cr-containing halloysite under ultraviolet radiation

may be helpful when using composite materials made of this mineral designed to purify
wastewater from chromium.
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12. Tlepxkos, E.C., & ITomoBuenko, C.E. (2012). MuHepanoro-reoOXuMu4ecKrue 0COOCHHOCTH
30HAJIBHOCTU KOpbl BbIBeTpuBaHUs BoctouHno-JIunoBenbkoBckoro wmaccuBa (Cpeanee
[ToOyxbe Ykpaunckoro mwmta). Haykosuti gichuxk HI'Y, 3, 18-25.

AHOTALIA
Merta. [locnimkeHHs: 0cOOIMBOCTEN PIAKICHOTO Pi3HOBUIY Tallya3wTy, SIKUH OyB BHUSBICHHUH Y
KOpi BUBITprOBaHHA JlepeHI03bK0T0 radpo-nepuaotutoBoro Macusy (Cepenne [1o0ysxokst, paitoH
p. lliBnennwnii byr, Ykpaina).

MeTtoauka pgocjigkeHHs. BuBUeHHs 3pa3kiB TPOBOAMIOCS 3a JOIMOMOIOI0 KOMILIEKCY
J1a00paTOPHUX METOJIIB: PEHTTEHIBCHKOTO AU(MPAKIIHHOINO aHaji3dy, TEpMIYHOTO aHali3y,
ONTHUYHOI MIKPOCKOMii, PEHTT€HO(IIyOpECLIEHTHOIO aHaI13y 1 (UIyOpeCLIEHTHOI CIEKTPOCKOMI].

PesyabTaT gociaimzkeHHsi. Y Kopl BUBITprOBaHHS JlepeHIO3bKOr0 rabpo-nepujoTUTOBOTO MAaCHUBY
BCTAHOBIICHO PiJKICHUMI XPOMBMiCHHII Pi3HOBHI rajnyasuty. Moro ocoGmMBOCTAMH € OIaKHTHE
3abapsneHHs, BMICT Cr203 y kunbkocTi 10 2,47% 1 JIOMIHECLEHLIS MiJ J1€l0 YIbTpadioneToBoro
BUMNpPOMIHIOBaHHS. JlOCHITKEHHST CHEKTpiB 30y/MKeHHs 1 (QuIyopecieHIii Mokasano, II1o
MaKCUMaJIbHE CBITIHHS rajya3uTy BiJI0OYBAa€ThCs MPU ONPOMIHIOBaHHI XBUJISMHU 3 JIOBXKUHOIO 367
HM, a JOBKHMHA XBWJIb eMicli BiamoBimae ooOmacti 390-500 aHM, 3 mMakcumymoMm mpu 424 HM.
BuByeHuii arperar sBif€ CcOOOK CyMilll JBOX MiHepaldbHUX BHJiB: ramyasuty (10A) Ta
ranyasuty (7A) (meraranyasuty). B acomiamii 3 HUMM IiarHOCTOBAHMII aTIOMOXPOMIT, BUSIBIEHI
JOMIIIKY KaOoJIHITY, KIIIHOXJIOPY, KBapily Ta retTuty. @opMyBaHHS MiHEpaJIbHOTO arperaty Bia0yrnocs
BHACJIIJIOK XIMIYHOTO BHUBITPIOBAHHS TEPBUHHHMX CHJIIKATIB 1 OKCHIIB, IO BXOAWJIH JO CKJIATY
ripchKuX mopina JlepeHr03bKOro MacuBy.

HaykoBa HoBHM3HA. Briepiie BHSBICHOTO TrajyasuT y KOpi BUBITprOBaHHS JIepeHIO3BKOTO Tadbpo-
nepugorutoBoro macupy (Cepemne [ToOyxoxs1). BcTaHOBIEHO, IO XpOMBMICHHH Traya3uT MPOSBIISE
M1 Ti€10 yabTpadioaeToBOro BUIIPOMIHIOBAHHS JTFOMIHECIICHITI0 (D101€TOBOTO KONIbOPY. Jlocmimkeno
cnekTp (iyopecieHIlii MiHepaliB.

IMpakTnyne 3HaYeHHs. BUSBICHHS TFOMIHECIIEHIIIT XpOMBMICHOTO ralya3uTy MOXe OyTH KOPHCHHM
IPY BUKOPHUCTAaHHI KOMITO3UTHUX MaTepiayliB 3 IBOr0 MiHEpaly, NPU3HAYCHHUX JUIS OYMIICHHS
CTIYHUX BOJI BiJl XpOMY.

Knrwowuosi cnosa: Cepeone I[loOyoicoics, xpomemicHuil eanyazum, TtoMiHecyeHyis, Gayopecyenmua
CNEeKmMpOCKONis, XIMIYHe 6UBIMPIOBAHHSL.

AHHOTALIMA
Heab. MccnenoBanrue 0coOEHHOCTEHN peikoil pa3HOBUIHOCTH TaJllya3uTa, KOTOPbIH ObLIT 0OHApYKEeH
B KOpe BbIBeTpuBaHus JlepeHtoxckoro rabopo-nepunorutoBoro maccua (Cpennee [1oOyxnwe, paiion
p. FOxusiii byr, Ykpauna).

MeToauka HcCIeI0BAHNS. I/ISY‘IGHI/IG o6pasu013 npoBOAUIIOCH C TIOMOIIBKO KOMIIJICKCA
J'Ia60paTOpHLIX MCTOAOB: PEHTICHOBCKOI'O I[I/I(i)paKLII/IOHHOl"O aHalln3a, TCPMHUYCCKOIO aHaliu3a,
OIITUYECKOU MHKPOCKOIINH, peHTreHOQ)nyopecueHTHoro aHaJin3a n (bnyopecueHTHoﬁ
CIICKTPOCKOITHNH.

Pesyabrarsl MccienoBanusa. B kope BeiBeTpuBaHUS JlepeHIOXCKOTO Tab0po-mepua0TUTOBOIO
MaccuBa JUAarHOCTUPOBaHa peaKas XpOMCOAEpKallas Ppa3sHOBUIHOCTh raiuryasurta. Ero
0COOEHHOCTSIMH SIBIISIIOTCSL Tosty0ast okpacka, coiepkanue CroOs B komuuectBe 10 2,47% u
JIOMHHECLEHIUS T10J] JeiicTBueM yiabTpaduoneToBoro wusiyueHus. lccinenoBaHue CIEKTpPOB
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BO30YX/IeHUs U (IIyOPECICHIINY MOKA3aJ10, YTO MAaKCUMAJIbHOE CBEUCHHUE rajllya3uTa MPOUCXOIUT
npu 00JTyYeHHH BOJIHAMHU € ITHHOM 367 HM, a JJTMHA BOJIH SMUCCUH COOTBETCTBYeT obnactu 390-500
HM, C MAKCUMYMOM 11pH 424 HM. M3y4eHHBIii arperaT npeacTaBiseT co00i cMech IByX MHHEPAJIBbHBIX
BunoB: ramayasuta (10A) u ramnyasura (7A) (merarammyasura). B accouuanuy ¢ HUMH
ANAarHoCTUPOBAH aJIFOMOXPOMMUT, O6Hapy3(€HbI IMPUMCECH KAOJIMHHUTA, KIIMHOXJIOPA, KBapua U reTura.
q)OpMI/IpOBaHI/IC MHHCPAJBHOI'O arperara IMpou30IIJIO BCJICACTBUC XHMHYCCKOI'O BBIBCTPUBAHUSA
IEPBHUYHBIX CUJIIMKATOB U OKCUAO0B, BXOAMBIIUX B COCTAB 'OPHBIX ITOPOJ I[epeHIOXCKOFO MaccHuBa.

Hayuynasi HoBu3Ha. BriepBbIie onpejiesicH rajurya3suT B KOpe BhIBETpUBaHUs [|epeHIOXCKOTO Tabopo-
nepugorutoBoro maccuBa (Cpemnee [1oOyxkbe). YCTaHOBIEHO, YTO XPOMCOAEP AWM TaJLTya3uT
MIPOSIBIISICT TOJT ICHCTBUEM YIIBTPa(UOIETOBOTO M3JIYYCHHUS JTFOMHHECIICHIIMIO (DHOJIETOBOTO IIBETA.
N3zyueH criektp (rryopecueHInin MUHEpaIoB.

HpaKTuqeclcoe 3HAYCHHUC. O6Hapy7K€HI/IC JJIOMUHECHCHIIMN XPOMCOACPKAIICTOro rajuryasura
MOJXKET OBITh IIOJIE3HBIM Ipru HMCIOJb30BaAHWUN KOMIIO3UTHBIX MATCpHUAJIOB H3 I3TOI0 MHHCpPAJA,
NpEeaAHa3HAYCHHBIX JJII OYUCTKHU CTOYHBIX BOA OT XpoMa.

Knrouesvie cnosa: Cpeonee Ilobyocve, xpomcooepoicawuii  2aniyasum, JTIOMUHECYEHYUS,
@yopecyenmuas cneKmpoCcKonus, XUumMu4eckoe 8bl8empuaHue.
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