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4.1 Introduction

Natural disperse rocks in form of polymineral nano- and microdisperse iron-
aluminosilicate systems and materials (IASs) are common in the earth’s crust.
Colloid-chemical research of transformations of such systems and materials based
on iron and iron-manganese ores, marine and lake sediments (oozes), and sands of
different origins attracts great attention in recent decades [1-7]. They have been
actively studied not only from the viewpoint of the influence on their properties of
physical processes but also of colloid-chemical, nanochemical, and physicochemical
geomechanics laws [3—7] to find out the mechanisms of complex biocolloidal interac-
tions [3, 8, 9]. However, the interpretation of such influences on polymineral IASs in
many specific cases is not yet completed because of the uncertainty of complex phys-
ical, physicochemical, geomechanochemical, colloid-chemical, biocolloidal, and
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biomedical methods of their research and the ambiguity of relevant conclusions.
In general, it is known that physical, physicochemical, colloid-chemical, nanochem-
ical transformations, and contact interphase interactions in marine IASs based on
clay-containing sediments aided with bacterial processes lead to the chemical-miner-
alogical transformations and formation of new disperse polymineral materials with
new properties, which may deteriorate under the action of anthropogenic polluting
surfactants. Such IASs consist of iron, aluminum, and silicon oxides, and also, but in
smaller quantities, of many other inorganic and polluting organic components. The
role of the last ones in similar processes is not clear yet [8-25].

The practical importance of both IASs and nanostructural materials extracted from
them is growing permanently. That is why the attention to them of technologists and
researchers studying not yet established fundamental transformation mechanisms
of IASs and relevant materials is growing as well. Thus, synergic, nanochemical,
mechanochemical, nanostructural, and other transformations of IASs’ components
have been studied not enough [1-3]. These transformations in inorganic systems
and compositions with bio-originated materials have not yet found their generalized
solution.

Thus, the mentioned considerations show the significant actuality of the questions
and the necessity of their solution by conducting relevant systematic experimental,
model, and theoretical research of disperse iron-aluminosilicate systems and mate-
rials for further generalization of the mechanisms of their transformation into new
compositions and ore materials.

4.2 Materials and Methods

Preliminary investigations showed that as a result of the influence on microdis-
perse and nanodisperse IASs, various interactions between their components are
possible [3-6, 12, 13]. Such interactions give new properties and change character-
istics of IASs. Concerning the said above, the choice of study materials was based
on samples with typical colloid-chemical properties usual for most IASs. Earlier
[1-6] there were chosen some examples of iron-aluminosilicate materials: different
soils and clays; polymineral iron-aluminosilicate compositions extracted from iron
ores; pelagic shallow-water and deep-water sediments of the Black Sea and the Azov
Sea as model objects for studying the oceanic basins. The chemical composition of
general materials used in the study is given in Table 4.1. Materials and compositions
were purified by standard methods [7] and powdered up to particle sizes of 63 pm.
XRD and X-ray fluorescence investigations of polymineral disperse systems and
compositions [1, 13] showed that their structure includes minerals of kaolinite, illite,
montmorillonite, glauconite, saponite, goethite, and others. The composition of fine
fractions has a lower content of mixed layer formations of montmorillonite-illite and
glauconite types.
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Table 4.1 Chemical composition of iron-aluminosilicate materials

Oxide | Polymineral Saponite-goethite | The River | Montmorillonite
content | iron-aluminosilicate composition Black |sand
wt% compositions Sea

ooze
Si0; 18.34 18.31 19.46 46.73 54.57 |98.83 |49.52
AL O3 2.09 1.76 1.93 5.12 11.35 |0.06 |21.06
Fe,03 3.18 8.34 2.79 2.76 554 |1.05 |2.72
FeO 56.15 49.23 51.16 23.21 - - -
CaO 2.17 1.65 1.98 3.87 887 |0.01 |57
MgO 0.73 0.61 0.56 11.43 1.80 |- 1.61
MnO 2.48 3.24 7.87 0.35 0.04 |- -
Na,O 0.45 0.31 0.24 0.82 1.19 |- 0.37
K>O 0.33 0.25 0.26 0.36 1.86 |- 0.28
LOI 14.21 16.26 13.67 8.57 13.03 |- 17.98

LOI—loss of ignition

Investigations of IASs included using theoretical modeling methods and experi-
mental methods: chemical, rheological, XRD, thermogravimetric, SEM, and biomed-
ical methods [3, 4, 6, 8, 9, 13]. Chemical and X-ray fluorescence analysis used
in sample tests was done by the known methodology of qualitative and quanti-
tative methods of analysis of iron-aluminosilicate rocks. X-ray diffraction (XRD)
sample analysis was done using diffractometer Dron-UM-1 with CoK,, emission and
nickel filter at room temperature. The diffractometer was connected to a computer
for diffraction pattern recording. The recording was conducted at 1 degree per
minute speed. Registration of X-ray emission was done by scintillation counter
BDS-6. Electron microscopy of tested samples: Electron microscopic images were
received on electron microscope Selmi PEMU in light field mode. There were also
used scanning electron microscopes TESLA BN, JEOL NeoScope JCM-5000, and
JEOL JSM6490 LV with INCA ENERGY-450 (Oxford) energy-dispersion device.
Thermogravimetric analysis (TGA) was done on thermogravimetric analyzer MOM
Q-1500 D (Hungary). Rheological characteristics of investigated systems and
materials were determined also by a rotational viscometer with coaxial cylinders
Rheotest-2 connected to a computer.
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4.3 Results and Discussion

4.3.1 Current Status of Iron-Aluminosilicate System (IASs)
Studies

Studying the laws of complex processes in IASs and IASs is the primary source
of information about mechanisms of transformation of such systems and materials
in natural and technogenic conditions. Substantiated ideas concerning this subject
also allow the prediction of the behavior of natural rocks [1, 3—15] as the main
compounds of relevant systems and materials in natural, technological, biomedical,
and other processes. Thus, such researches of IASs are actual for further development
of fundamental ideas concerning their natural transformations under the action of
external factors and for the creation of modern technological processes.

Widespread in the earth’s crust iron-aluminosilicate materials and marine and
lake disperse and ultradisperse systems on their basis take an important place among
natural dense nanostructural but at the same time porous on nano- and microlevel
rocks and technogenic products of their technological processing. Their physic-
ochemical, physicomechanical, and chemical transformations in the earth’s crust
and reservoirs, generally in seas and lakes, lead to the formation of disperse nano-
and microstructured sedimentary materials of polymineral composition [15]. Their
main components are oxides of iron, silicon, and aluminum also containing in iron-
aluminosilicates of peloids (Fig. 4.1), but there are many other important compounds
contained in clays and oozes as well (Table 4.2). Magnetite and other oxide-hydroxide
iron-containing minerals are the most common and present in the most valuable
sediments [3, 9-16].

Such sediment minerals have a common effect on the properties of IASs, both
in fine-disperse and in dense-fine, and nanocrystalline states. The data in Table 4.3
show that the amount of SiO, in sediment samples is the highest and, e.g., reaches
53.93% in red clays, 24.23 and 67.36% in limestone and silica ooze, respectively.
A significant amount of Al O3 also shows that the three mentioned oxides (Fe,Os3,
Si0;, Al O3) play a general role in structural transformations of sediments and MnO,
(Table 4.1)—in the formation of iron-manganese nodules. Limestone ooze, which
contains up to 57% of CaCO3, also has a significant biocolloidal and colloid-chemical
effect of calcium minerals [4]. Therefore, the disclosure of the mechanisms of these
effects to clarify them requires an additional theoretical, model, and experimental
studies.

The distribution of different sediments is presented in Table 4.3. Sizes of nanopar-
ticles in the composition of most distributed red clays are 27.0-86.7 nm [15]. That
is why red clays as most important in marine sediments can be attributed to nanos-
tructural materials. However, the nanoparticles’ specific role in the deep-sea oozes’
composition had almost no research [3, 14, 15]. Shallow-water oozes (diatomic and
shelf ones) have a highly disperse microstructure, and the size of ultradisperse parti-
cles of about 170-190 nm. Interestingly, the most widespread clays in oceans are red
ones containing about 9% of iron oxides (Table 4.2). Their distribution in the World
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Fig. 4.1 SEM images of peloid sediments and clays: a Black Sea sediment. b Kuyalnik sediment.
¢ Azov-black sea sediment. d Bentonitic clay. e Glauconite. f Hydromica

ocean is the biggest and reaches 540 x 10° km?, including pelitic and terrigenous
oozes [3]. Therefore, nanostructural-nanochemical phenomena in IASs, modeling
the behavior of red clays without and with the participation of biogeocenoses and their
influence on geomechanical, usual, and critical phenomena accompanying mechan-
odispersive deformations in IASs both on the earth’s surface, and in the ocean depths
were considered in the first place.

4.3.2 Analysis of Experimental Data Using Theoretical
and Model Conceptions

For this analysis, it is important the ideas about the mechanical and nanochemical
or (auto-) self-dispersion of IASs in the presence of aqueous mineralized aqueous
solutions, as well as natural or anthropogenic surfactants of various origins.

The mechanism of hydrolytic destruction of siloxane bonds of silicate materials
[3] is the basis of abiotic mechanical and nanochemical self-dispersion [18] with the
aid of water:
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Table 4.2 Chemical composition of some usual samples of marine peloid sediments [3, 14—-16]

Component Red clay (%) Limestone ooze (%) Silica ooze (%)
SiO; 53.93 24.23 67.36
TiO, 0.96 0.25 0.59
Al,O3 17.46 6.60 11.33
Fe,03 8.53 243 3.40
FeO 0.45 0.64 1.42
MnO 0.78 0.31 0.19
CaO 1.34 0.20 0.89
MgO 4.35 1.07 1.71
Na,O 1.27 0.75 1.64
K>O 3.65 1.40 2.15
P,0s 0.09 0.10 0.10
H,O 6.30 3.31 6.33
CaCO3 0.39 56.73 1.52
MgCO3 0.44 1.78 1.21
Corg 0.13 0.30 0.26
Norg 0.016 0.017 -
Total 100.20 100.17 100.10
Total Fe;03 9.02 3.14 4.98

Table 4.3 Area (in 10° km?) of dissemination of pelitic sediments [3, 14—16]

Atlantic Ocean Pacific Ocean Indian Ocean Total

Surface % Surface % Surface % % Surface
Limestone |41.6 67.5| 519 36.2 |34.4 54.3 11279 47.7
0ozes
Silica oozes | 4.1 6.7 21.0 14.7 | 12.9 204 | 38.0 14.2
Red clay 15.9 25.3| 70.3 49.1 | 16.0 25.31102.2 38.1
Total 61.6 100.0 | 143.2 100.0 | 63.3 100.0 | 268.1 100.0
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where _— — — —surface of micro- and macroparticles; n—the number of siloxane
groups in the phase contacts in the interphase space.

According to the Gibbs—Smith condition, the intergranular boundaries between
the microcrystalline formations A and B can also be supplemented by the formation
C (aqueous solution) [18]:

0AB > 0AC+oBC 4.2)
described by the linear-parabolic equation:
AL +BL? =1, (4.3)
where  is the time of penetration of the liquid at a distance L.
The linear part of (4.3) is determined by the kinetics of crystallization pressure
increasing Pg:
A = 8RT/Dg Cy Py, 4.4)
where 8 is the average grain size.

The application of the Poiseuille equation gives the following expression for the
value of B in (4.4):

where 1 is the viscosity of the fluid.

Evaluation of 1/B, as a conditional dispersion factor, gives values at the level
of 103-10* ¢cm?/s, which is many orders of magnitude higher than the diffusion
coefficient in solids. Therefore, the dispersion rate should increase synergistically
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depending on the grain size (8). That is, (4.5) confirms the importance of the syner-
gism phenomenon influence [2] on the mechanism of self-dispersion. But the mech-
anism of this phenomenon has not been previously formulated and has not been
associated with synergistic processes in the conditions of simultaneous influence of
various factors (mineralized water, surfactants presence) on the behavior of IASs.

In addition to the considered processes of IASs’ fracturing, there is also a much
more intensive natural and technogenic biotic dispersion of porous materials in
various surfactants produced by bacteria in biogeocenoses while the process of
metabolism. Analysis of the mechanism of such processes, which are also synergistic
and symbate, showed that they are being accelerated by many orders of magnitude
[1, 3-6, 8-10, 13, 18]. In this case, their kinetics is described by the equation:

(S—S0)% = kt, (4.6)

where Sy is the initial specific surface of the porous body.

The processes in (4.2)—(4.6) are only physical. At the same time, the substantiation
of the water influence on the dispersion of rocks by (4.1) considers the crystalliza-
tion pressure in nanopores, which can be created only by nanochemical reactions of
mineral nanophase formation on a surface in the form of phase contacts. Therefore,
more extensive ideas about the mechanism of volumetric pressure in the nanopores
of IASs due to nanochemical reactions of polymineral iron-aluminosilicate, alumi-
nosilicate, and silicate nanophases formation are given. They wedge nanocracks in
the conditions of synergetic processes (Fig. 4.2a, b) and are formed, for example,
according to the reactions:

(MIIOz)FCQO_O, . 1’1A1203 . m5102 . kHzO + 4MOH + (k—l) . HZO —
— Mzo . nA1203kH20 + Mzo . mSi02 . kHzO + F6203 . HzO + MIIOZ . H20

4.7)
While the reaction products (4.7) react according to the scheme:
M,0 - nAL,O3 - kH,O + M,O - mSiO, - kH,O —
M,O0 - nALL,O3 - mSiO; - kH,O + 2MOH + (k—1)H,0 (4.8)

Fig. 4.2 Model of self-hydrational [18] dispersion of rocks with the formation of a new phase: a
and b initial products composed of different minerals, ¢ solution of surfactants in water (metabolic
products), n—nanophase contact capable of dispersion b or compaction ¢
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Alkaline components and water (4.8) react then according to the scheme (4.7)
in cyclic repetitions. That allows almost infinite dispersion with small amounts of
alkali and water.

Then, along with Fe;03-H,O, they take part in nanostructural-nanochemical
contact phenomena, which can be of dispersing or compacting nature—depending
on the process conditions [3].

If the products formed by reactions (4.7) and (4.8) have a larger volume than the
initial product involved in the reaction (4.7), the resulting pressure breaks (chemically
wedges) the crack, which is symbatically facilitated due to the external mechanical
load. The water that enters the expanded mouth of the crack hydrolytically breaks up
the newly formed secondary nanocracks again by reaction (4.8), and the process of
self-dispersion continues with acceleration. The process takes place in the same way
as in the case of penetration of liquid phases through intergranular nanoboundaries,
but is many orders of magnitude faster and lasts not years, but days or hours. This is
also facilitated by other nanochemical interactions in silicate structures, i.e., quartz-
like, which complement interactions (4.1), (4.7), and (4.8) and are characterized by
the next reactions:

(= SiOH), + (OH™), = (= SiO"), + nH,0 (4.9)

(= SiOH),, + (= Si07),, 2 (= Si—0-Si &), (4.10)

They also give a start to other nanostructural phenomena of opposite compacting
transformations of dispersions due to synergetic coagulation—condensation processes
(Fig. 4.2¢).

Reactions (4.9) and (4.10) not only complement reaction (4.1) but are also
intermediate in the processes (4.7) and (4.8) of the transformation of IASs. The
process occurs stepwise, which was shown experimentally on the model system of
iron-aluminosilicate—alkaline additive [3].

The generalized chemical models (4.11)—(4.14) of interphase contact interac-
tions of surfaces of disperse iron-aluminosilicate minerals in the composition of
iron-aluminosilicate (iron-clay) ore sedimentary materials allow to evaluate the
nanocluster biocolloidal mechanisms of such interactions in more details. Thus, with
the participation of bacteria, the ferrite formed by reaction (4.7) reacts according to
the scheme:

. o
abiotic | £e2+ (OH), + Fe3* (OH)3 —2 GR - CO2~

reduction 3 (nano)

COy+HyO
2727, R+ (HCO3), (solution)

+0
—2> o — Fe3

Fe;03 - Hy O(micro)

+OOH(nanogoethite) + CO, + HyO “4.11)

Then the following biotic phase interactions occur in the contact zones of
microparticles:
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OH HO \
I / \ \
Al=]| Al — O — Fe 3t + 3 Fe3t — 0 [-|\ — nAl(OH)3
S \ / \
OH 3 HO \
+[0=Fe* —oH] +[Fe]" 04 (4.12)
n - n
nanogoethite nanomagnetite
OH \
I / \
Al=| Al - O — Fe 3+ + (HO — Fe?* — OH)3,, + 3,[HO — Sil| \
S \ \
OH 3 \
— =nAl(OH)3 + [: Fe3t —0 - Fe?t — 0 —si 2]2 +nHp0 (4 13)
nanoironsilicate "
OH
/
|= (Si— OH);, + (HO — Fe = 0),; — |=(Si— 0O —FeO), +nHO - |=| Si — O — Fe
\
OH
n
OH HO
/ \
=|Si—-0O—-Fe + Fe — O — Si =
\ /
OH HO
n n
(6]
/o
— =] Si -0 - Fe Fe — O — Si =|+2nH0
\ o/
(6]
n

(4.14)

where (...) n—nanocluster.

As can be seen from models (4.12)—(4.14), the interphase biocolloid interactions
(Fig. 4.1) are accompanied by the formation of nanocluster coagulation—condensa-
tion bonds between the surfaces of the same or different dispersed phases. That leads
to the formation of nanophase contacts (Fig. 4.3) in a structure of iron-aluminosilicate
materials. Such mechanisms of contact interactions suggest that Fe>* interactions are
stronger than Fe?* interactions because in the latter case, which is characteristic for
models (4.11) and (4.13), the microbiological oxidation of Fe>* to Fe**. Thus, and
breaking of interfacial bonds are possible. Thus, the biocolloid mechanism aided
with biocenosis differs from the inorganic (abacterial) mechanism without bacterial
processes by the intermediate formation of iron-layered double hydroxides (LDH)
of Green Rust (GR) type, which include Fe (II) and Fe (II) in their structure.

Studies of biocolloid, bacterial, and biochemical processes based on the use of
the phenomenon of selective heterocoagulation of minerals with microorganisms
have shown that biogeocenosis, or bio-aggregates formed according to the ideas of
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Fig. 4.3 SEM images of montmorillonite (1), hydromica (2), kaolinite (3), glauconite (4), which
are the part of typical pelitic sediment (5); zones of phase contacts (6); zone of phase contact

formation (7)

biogeochemistry transform into sedimentary deposits and peloids (Tables 4.1, 4.2,
4.3 and 4.4; Figs. 4.1,4.2, 4.3 and 4.4).

The obtained (Fig. 4.4; Table 4.1) data indicate that bacterial metabolic processes
in biocolloidal aggregates lead to the activation of synergetic dispersion of the peloid
mineral part according to the mechanisms (4.1), (4.7)—(4.10). Then, upon completion

Table 4.4 Microbiological study of marine peloid samples

Type of microorganism (bacteria)

CFU/cm? in peloids

Initial Used After activation
Cellulose-fermenting
* Aerobic 103 10* 103
* Anaerobic 10! 10! 10!
Butyric acid 104 102 104
Denitrifying 102 102 102
Sulfate-reducing 10* 102 10*
Nitrifying 106 10° 109
Methane-producing 107 100 107
Iron-oxidizing 3-10° 1-10° 3-10°
Ammonificating
* Aerobic 10° 10 10°
* Anaerobic 10 10? 102
Fat-decomposing 102 102 102
Sulfur-oxidizing 104 10* 104
pH 74 6.8 73
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Fig. 4.4 Dependences of viscosity (1)), shear stress (P), Fe?* and Fe?* concentration (C, %), and the
number of colony-forming organisms (IgCFU) in the Black Sea nanostructured iron-aluminosilicate
pelagic sediments of 1800 m depth from the time of their exposure; humidity 46%

of the peloid activation process in 90—-100 days—to secondary compaction of pelagic
sediments due to the repeated increase in the amount of Fe** in the composition of
rapidly decomposing Green Rust according to models (4.11)—(4.14). The optimal
ratio of FeO: Fe,0s is close to 1:1 at that. This ratio corresponds to the formation
of magnetite, the mechanical properties of which are the highest among iron oxides
of various structures. It follows that due to biocolloidal processes, the contact phase
nanofilms in the disperse structure are the strongest at an exposure of sediments
in the studied interval of 60-180 days (Fig. 4.4)—the formation of magnetite-type
nanostructures. This allows scheme (4.11) to be presented for the biocolloidal process
as follows [3]:

biotic CcO —
Fe203micry = Fe(OH); + Fe(OH); = GR - COY 40
—> FeO - F6203 (Fe304)(nam) (415)

At that, reactions (4.12)—(4.14) transform on the intermediate stage next way:
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The general model abiotic and biotic scheme of the rock transformation is shown
in Fig. 4.5.

According to the data obtained (Tables 4.1,4.2,4.3,4.4 and 4.5; Figs. 4.1,4.2,4.3
and 4.4), the greatest influence on the rheological properties of nanostructured IASs
has clay minerals, especially montmorillonite, which is a part of bentonite. There-
fore, the processes of clay suspension nanostructuring, nanochemical processes of
nanoparticle formation in them, including biocolloidal processes, as well as the chem-
ical structure of nanoparticles have a significant impact on the rheological behavior
of IAS suspensions. That is shown in Fig. 4.6 for conditions of the viscosity effects
of hyper- and ultra-anomaly occurrence.

According to the above curves, hyperanomaly of viscosity is more often character-
ized by curves 1 and 3, and the previously unknown effect of viscous ultra-anomaly
is more usual for curve 2, and sometimes curve 1. Both effects have been experimen-
tally confirmed for numerous rheograms of suspensions for different types of clays,
pelitic sediments, and peloids. Therefore, it should be concluded from these data that
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Nanogranular Geomechanical and nanochemical Erosional
denserocks [ * self-hydration dispersion and ™| formation of
transformation - bottom sediments
provoke critical phenomena of reservoirs

Biocolloidal and
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Organoclay iron
oxide silicate
nanostructured
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Fig. 4.5 Abiotic and biotic rock transformation general scheme; SEM images of a nanogranular
rocks; b bottom sediments of erosive crushed rocks; ¢ pelitic iron-aluminosilicate sediments and
peloids; d pelitic biotic sediments with carbonate residue of Foraminifera

the effect of viscous hyperanomaly is more usual for less concentrated suspensions
or with lower iron content in them. On the other hand, the effect of ultra-anomaly of
viscosity—for more concentrated suspensions or at lower shear rates with stable other
previously mentioned factors. The moisture content of the dispersions (W) changes
as follows: W, < Wi, < W_3. If the factors change, i.e., the addition of alkaline
additives, the viscosity of iron-aluminosilicate clay sedimentary rock (Figs. 4.4 and
4.7) decreases sharply.

The established regularities allow substantiating the methods of controlling the
physicomechanical properties of barrier structures, soils, and rocks with the help of
various active environments of natural and technogenic origin.

Thus, theoretical studies and obtained experimental data allowed to consider the
thermodynamic basis, kinetics, and mechanisms of transformation of rocks due to
their self-hydration spontaneous dispersion [18] aided with nanochemical and bacte-
rial processes with the formation of new disperse structures with thermodynamically
stable mineral phases; to develop an idea of the mechanisms of rocks creeping due to
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Table 4.5 Physicochemical characteristics of the bottom sediment samples

Index Saltwater storage pond (Kryvyi Rih) Kuyalnik Estuary
1. pH of liquid phase 7.7 7.20
2. Redox potential - —227
3. Moisture (wt%) 56 58.1
4. Volume weight (g/cm?) 1.33 1.47
5. Adhesiveness (Pa) - 833
6. Shear stress limit (Pa) 770 491
7. Concentration of particles 1.2 0.61
> 250 pm (%)

8. Specific heat capacity - 0.59
(kJ/kg K)

9. Concentration of H,S (%) - 0.17
10. Concentration of Corg (%) - 2.06
11. Concentration of particles 3.7 2.65
(1-5 pm) (%)

12. Concentration of particles 0.5 0.34
< 100 nm (%)

Fig. 4.6 Load and unload n
curves (1, 1’ and 2,

2/—respectively) in the

conditions of plastic flow of

elastic—plastic material;

3—unloading curve in

conditions of viscosity

hyperanomaly beginning

[13]

recrystallization of mechanically stressed areas and nanochemical transfer of inter-
facial boundaries of substances of the liquid phase to other stressed areas of the
surface; to reveal the basic global principles of physical-mechanical and nanochem-
ical regulation of structural properties of disperse-porous sediments in natural and
technogenic conditions to prevent critical phenomena in them; to outline further ways
of developing of these fundamental problems [3].

Analysis of the mechanisms of nanostructured physicochemical transformations
of various representatives of IASs and modeling of common and critical creep
processes on sea slopes and ocean beds showed that NIASs are generally colloidal
oozes and bottom sediments composed of minerals and organic substances that have
undergone significant transformations due to geological, geomechanical, chemical,
nanochemical, biological, biocolloidal, and other abiotic and biotic processes. They
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chemical structure of contact
silicate nanoclusters on the
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nanoclusters of different
chemical composition
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are a homogeneous fine plastic mass. They include natural colloidal, and biocol-
loidal formations of various origins, such as iron ore formations with a large amount
(40-70%) of iron oxides, and admixtures of aluminosilicates and clay minerals with
admixtures of iron oxides, as well as freshwater clay soils, sands, and saltwater
iron-containing disperse deposits. Sea oozes (Figs. 4.3 and 4.8) or pelitic deposits of
coastal and deep-water origin were studied as the main representatives of the NIASs,
the share of which reaches 70-80% among the known NIASs. The finding of nanos-
tructural, biocolloidal, physicochemical, and geomechanical mechanisms of their
formation was required to answer the system questions of NIASs’ participation in
usual and critical phenomena, both on the underwater slopes of the seas and oceans,
and in the formation processes of ore deposits.

Among the NIASs, the most important from a practical point of view are clays—
bounded non-cemented sedimentary rocks of biocolloidal origin with a predominant
content of clay minerals with admixtures of iron oxides, sedimentary iron ores, and
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Fig. 4.9 Model of modern nanostructural marine transformations of IASs, pelitic sediments, and
turbidites on slopes, gaps, and abyssal plains, accompanied by compacting or ooze flow [1, 3, 14]
and stratified sediment separation in processes of ore deposit formation
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pelitic deposits (peloids)—sediments of lakes, seas, and oceans. They are composed
of planktonic organisms rests, fine-disperse mineral particles, space dust, and prod-
ucts of chemical transformations in fresh and saltwater. Their creep or normal and
critical behavior in terms of geomechanical and nanochemical processes is most
likely related to the destructive work of water waves of various origins and landslides
in water reservoirs. The developed model of these processes for marine sediments is
given in Fig. 4.9.

Waves that penetrate to a depth of 600-700 m during storms, and sometimes up to
several kilometers (while typhoons or tsunami), create the effect of hydraulic shock,
which instantly dilutes thixotropic sediments, turning them into a viscous liquid
capable of active nanochemical and geomechanical transformations. The resulting
suspension flows down the slope without mixing with water due to the higher specific
weight. This, in particular, can explain the appearance of chemically transformed
(under the influence of pH changes) clay terrigenous sediments at great depths. In
addition, on the slopes of seismic zones of the oceans (Fig. 4.9), which can reach
lengths up to 2000 m and more, the speed of mudflows weighing up to hundreds of
millions tons of rock increases significantly from laminar (up to 0.5 km/h) to normal
fast (up to 40 km/h) and catastrophic (up to 100 km/h) current.

From the process models in Figs. 4.1 and 4.9, and schemes (4.7)—(4.16), it turns
out that the interphase biocolloidal interactions are accompanied, with the partici-
pation of surface-active products of microorganism metabolism, by the formation
of nanocluster coagulation—condensation phase bonds between surfaces of the same
or different disperse phases. It leads to the secondary compaction of previously
dispersed ferroaluminum silicate materials (Fig. 4.2c). Such mechanisms of contact
interactions suggest that Fe** interfacial interactions are stronger than Fe?*. That is
because in the latter case, characteristic for models of surface nanochemical reac-
tions, additional microbiological oxidation of Fe?* to Fe3*, and rupture of interfacial
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—O- Fe—O- bonds with the formation of goethite at first, and then magnetite is
possible. It coincides with the conclusions of geological science. Thus, the biocol-
loidal mechanism differs from the previously considered abiotic mechanism by
the intermediate formation of Green Rust (GR), which is converted into goethite,
magnetite, and siderite or iron-manganese nodules, and other ore minerals. It should
be emphasized that the formation of magnetite occurs in anaerobic conditions, but
in conditions of the aerobic process, the goethite is formed [3].

Itis also possible to provide the scheme for the biocolloidal process in the specified
form:

microbiological
—

Fep03 - HyO(pyjcro) + HaO + surfactant Fe(OH),

reduction

2

COy
+Fe(OH); — GR-CO3 (.

- F°3O4(magnetite,nano) [FSOOH(gothite,namf FeCOS(siderite,micm)] (4 17)

Reactions (4.12)—(4.14) are transforming as follows:

OH HO

\ OH /
OH/ | HO
+| HO — Si — OH +
OH | HO

/ OH \
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P

(4.18)
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The nanostructuring processes of clay suspensions, nanochemical processes of
nanoparticle formation in them, including biocolloidal processes, as well as the
chemical structure of nanoparticles have an important influence on the rheolog-
ical behavior of IASs dispersions, especially in conditions of viscous ultra-anomaly
(Figs. 4.10 and 4.11).

Systematic analysis of the study results of nanostructural phenomena in the earth’s
crust and experimental data on the impact of synergistic nanochemical and microbi-
ological processes on these phenomena indicate a scientifically approved ability to
achieve shortly a fairly accurate description of nanochemical and rheological mech-
anisms of many common and critical sediment movement processes occurring in
the earth’s crust and on its surface, in reservoirs, seas, oceans, and in technogenic
conditions. It also gives an ability to develop the ideas of the mechanisms of mineral
deposits biocolloidal formation not only in the Archean but also in the Androgenic
era (2.588 million years ago and until today).

Based on the analysis of the obtained results, the colloid-chemical ideas about
processes on underwater slopes of seas and oceans in the conditions of the gravita-
tional laminar-turbulent flow of sediments according to the laws of physicochemical
geomechanics and laws of elastic—plastic change in viscosity was developed too,
taking into account the data provided in [1, 3, 14]. The chemical mechanisms of the
main processes in such sediments are as follows:

1. Contact abiotic phase interactions in conditions of viscosity ultra-anomaly effect:

a b C

Fig. 4.10 Rheological curves (general view): a non-Newtonian fluid; b thixotropy; ¢ rheopexy;
d dilatancy; e viscous hyperanomaly; f ultra-anomaly of viscosity in the transition area to the
Atterberg viscosity limit. Wa > Wb > Wc > Wd > We > Wf, where W is the water content of the
dispersion

a b c
200 WeTT% 2 Weg5% 800 \\ W=s0%
L L w w
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50 50 }‘\ — 200 -9
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Fig. 4.11 Experimental rheological curves at different humidity (W) for the Black Sea pelitic
sediment: a thixotropy; b ultra- and hyperanomaly of viscosity; ¢ ultra-anomaly of viscosity
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Preliminary data in Table 4.6 and Figs. 4.12 and 4.13 simulate red clays’ behavior
in mixing conditions during movements on sea slopes. They give an idea of how the
dispersion of various IASs goes, including red clays, under the action of surface-
active metabolism products of microorganisms from biogeocenoses (Tables 4.4
and 4.5). Such transformations are accompanied by macrostructures’ transition into
micro- and nanostructured sedimentary formations with their simultaneous separa-
tion into layers with different densities and mineralogical composition. They are
forming under the influence of the bacterial metabolism of biogeocenoses. Some
stages of such complex phenomena are shown in Figs. 4.1, 4.2, 4.3, 4.4, 4.5, 4.6,
4.7,4.8,4.9,4.10 and 4.11. It can be considered expedient to continue such studies
to develop marine biocolloidal geoecology ideas by comprehensively studying the
mechanisms of deep-water processes of sediment transportation, their layer-by-layer
separation, enrichment of formed ore deposits, and further application.

The mechanisms of nanostructural and microstructural biocolloidal transforma-
tions, layer-by-layer separation of iron-aluminosilicate turbidite-pelitic sediments
were considered too, taking into account the findings of specialists in various
scientific fields [1, 3, 14] and experimental data (Figs. 4.12 and 4.13).

Table 4.6 Geomechanical dispersion of aqueous (NaCl = 28 g/dm?) suspension of iron oxide
clayey ore marine sediments under the action of biocolloidal processes

Suspension exposure | Fractions (mm)

(days) 5-1mm |1-0.5mm |0.5-0.05mm |0.05-0.005mm | <0.005 mm
1 21.2 28.7 379 8.9 33

10 12.3 29.4 40.6 7.9 9.8

15 8.9 25.4 41.3 8.2 13.2

20 7.4 17.7 40.1 14.1 20.7

30 6.8 13.1 37.5 19.3 20.3
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Fig. 4.12 Distribution of il pelites
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Fig. 4.13 Geomechanical self-dispersion of aqueous suspension (NaCl = 28 g/dm?) of iron-
aluminosilicate marine sedimentary red iron ore of biocolloid origin under the action of biocolloidal
processes of its activation. Line number for fractions: 1—5-1 mm; 2—1-0.5 mm; 3—0.5-0.1 mm;
4—0.1-0.05 mm; 5—< 0.05 mm

The mentioned processes significantly depend on the biocolloid transformations
of sediments. These transformations combine microstructural and nanostructural
geomechanical self-hydrational dispersion of sediments with their simultaneous
separation into separate layers under the influence of bacterial metabolism as a
part of biogeocenoses. The upper layer of such sediment, which forms in condi-
tions of its rapid mixing or displacement (catastrophic processes of underwater sedi-
ments flowing at a speed up to 100 km/h), is enriched in natural conditions under
the influence of metabolic products with nanostructured iron hydroxides, calcite,
and clay minerals—montmorillonite, hydromica, glauconite, kaolinite. Medico-
biological studies have shown that such layers, separated from other sediment layers,
have different particle sizes and mineral compositions, as well as different biomed-
ical properties. It is shown that the stratification of suspensions into separate layers
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occurs during the activation of suspensions with biogeocenoses by nutrient media,
i.e., in the conditions of biocolloid and geomechanical processes activation, which
last for 5-25 days. Upon completion of these processes, the stratification of suspen-
sions decreases. It was found that the upper layer of suspensions under the brine
layer during the activation process hugely enriches with nano- and microparticles of
iron and calcium compounds with up to 90-95% purity, and it raises their content in
enriched products and increases the therapeutic properties of peloids separated from
turbidite-pelagic marine underwater sediments in several times.

It was also established for the first time that the biocolloid treatment of iron-
aluminosilicate materials leads to the stratification of suspensions into three layers
during the activation process. The middle layer has a higher specific weight than the
upper and lower (bottom) layers. The mechanism of such a phenomenon is considered
and substantiated.

The results shown in Table 4.7 allow to substantiate the fundamental mechanism
of layer-by-layer synergetic [25] separation of ocean red clays with their transition
from goethite (tobacco) to red-brown (2/, 2”), and to oolitic (3’, 3”) ores enriched
with iron-manganese nodules [15].

4.4 Conclusions

It is shown the interrelation of physical, geomechanical, colloidal, biocolloidal, and
other processes in IASs and their complex influence on dispersion, transformation,
and subsequent contact interphase nanostructuring, and further chemical transfor-
mations of sedimentary deposits of iron-aluminosilicate, and iron oxide-hydroxide
materials into ore materials while processes of their self-hydrational separation in
several layers.

It is shown and analyzed the generalized physical, nanochemical, mechanochem-
ical, nanostructural, and other transformations of IAS components. It was shown
as for separate inorganic iron oxide-hydroxide-silicate systems, first of all, iron
oxides and hydroxides, silicate minerals, and quartz and for them in a composition
of biocolloidal materials under the action of synergetic phenomena, and processes
of symbiosis.

The ideas about complex multifactor mechanisms of IASs transformation are
systematized.

An analysis of critical (catastrophic) phenomena and their comparison with usual
ones in the earth’s crust and on its surface from the viewpoint of colloidal and
biocolloidal chemistry is done. That was not done before and is relevant for modern
environmental safety.

The effect of ultra-anomalous behavior on marine sediment flow is established.
It was explained from the viewpoint of classical mechanics and geomechanics,
nanoscience, colloidal and biocolloidal chemistry.
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Table 4.7 Results of chemical analysis of biocolloid tobacco (1’, 1”), brown (2/, 2”), and oolitic
(3, 3”) ores of the Azov deposit [15]

Element Content (%wt)

1 1” 2/ 2" 3 3"
Ag <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Al 1.55 1.52 1.46 1.41 1.29 1.29
As 0.12 0.13 0.10 0.11 0.12 0.13
B <0.01 <0.01 <0.01 <0.01 0.01 <0.01
Ba 0.05 0.07 0.14 0.11 0.58 0.62
Be <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Bi <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Ca 1.62 1.53 1.12 1.18 1.29 1.00
Cd <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Co <0.01 <0.01 <0.01 <0.01 0.04 0.04
Cr <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cu <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Fe 36.11 37.70 30.01 31.82 29.50 29.33
Ga <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
K 0.23 0.23 0.29 0.27 0.33 0.31
Li <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Mg 0.45 0.45 0.29 0.25 0.36 0.23
Mn 0.56 0.70 7.18 6.09 8.81 9.04
Mo <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Na 0.07 0.07 0.13 0.12 0.22 0.20
Ni 0.02 0.02 0.11 0.11 0.11 0.12
P 2.01 2.03 0.76 0.79 1.39 0.94
Pb 0.02 0.02 0.01 0.01 0.02 0.02
S 0.04 0.04 0.07 0.09 0.13 0.12
Si 8.31 7.44 7.74 8.07 7.68 8.63
Sn <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Sr 0.04 0.04 0.07 0.06 0.11 0.11
Ti 0.12 0.11 0.09 0.08 0.09 0.10
\Y 0.05 0.05 0.05 0.05 0.05 0.05
w <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Zn 0.03 0.03 0.03 0.03 0.03 0.03
Zr <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
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The influence of rheological characteristics of iron-aluminosilicate turbidite-
pelitic sediments on the occurrence of their usual and critical flow and the transfor-
mation character of the stratified flow is systematized, and the special significance
of the phenomena of hyper- and ultra-anomaly is shown.

Research on the interrelated physical, colloid-chemical, biocolloid, nanostruc-
tural, and other features of usual and critical transformations of polymineral iron-
aluminosilicate estuarine, marine, and oceanic sediments may become a new area of
research on their global impact on the flowing of such sediments not only in terms
of marine geology but also considering the further pollution of the oceans when
the critical phenomena become much greater. On the other hand, colloid-chemical
and biocolloid approaches will be able not only to explain more deeply the physical
appearances of such flow but also to provide real tools to predict and prevent critical
(catastrophic) occurrences with an application of obtained results.
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