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Interest to the study of residual soil arose at a time when geological engineers faced the problem of developing
the open pits in the eluvial soils. A significant number of Russian and foreign scientists considered the formation
of weathering crusts from different points of view. They established the geochemical zoning, and engineering-
geological zoning of the weathering crusts. However, no comprehensive and detailed engineering-geological zo-
nation of the crusts of weathering, especially when studying mineral deposits, was given due to the insufficient
attention paid to it until today. Therefore, it is important to correctly determine the type and profile of the residu-
al soil in order to establish the possibility to control the engineering and geological conditions when exposing the
rock mass during excavation work for further forecasting the slope stability of the projected open pit mining

structures.
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Introduction

The study of residual soil provides with the
important information on the composition and
evolution features of the lithosphere, the for-
mation of new clayey soils types, which can be
used for construction of the foundations of vari-
ous types of structures: from buildings to quar-
ries. Therefore, it is important at the stage of
exploration to correctly assess the engineering
and geological conditions of the object, includ-
ing the features and patterns of distribution of
weathering crusts.

The residual soil (r.s.) is an unusual litholog-
ical complex. Most of them are loose ocher-
clayey formations that inherit the structural pat-
tern of the parent rocks, and turn into unaltered
rocks with depth. The lithological composition,
the nature of the clayey weathering products,
and their physical and mechanical properties
change dramatically depending on the composi-
tion of the parent rocks. It is important to note
that, for any sections, a distinct zoning, which is
reflected in a certain successive change of
source rocks alteration upward the section is
required. The mineral and lithological composi-
tion of these zones depends on the petrographic
composition of the source rocks, the type of

weathering, and the sequence of superposition
of weathering processes of different nature. In
addition, the degree of rock fracturing has a sig-
nificant impact on the development of the
weathering process. The more fractured the
rock, the easier it is to weather.

All the above contributes to the uneven
course of the process of weathering crust for-
mation. In the fractured zones, irregular, pocket-
like depressions, sheet-like deposits, and often
going to considerable depth vein-like bodies
appear. As a result, the bottom of the weather-
ing crust has a complex, winding surface, con-
sisting of varying ridges and depressions of dif-
ferent directions.

In the engineering-geological study and as-
sessment of mineral deposits, the weathering
crust forming the upper horizons of the litho-
sphere is one of the components of the engineer-
ing-geological conditions that affect the devel-
opment of large-scale engineering-geological
processes in the slopes of open pits, because
they often reach hundreds of meters of depths.

We consider one of the examples of depos-
its, which upper part of geological section is
composed of weathering crusts.
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Materials and Methods

In Russia, methodological aspects of obtain-
ing information on the vertical structure of the
weathering crust, its state, physical and mechan-
ical properties are standard and are reflected in
the works of N.V.Kolomenskiy (1952),
G.S. Zolotarev (1971), V.B. Shvets et al.
(1970), LV. Abaturova et al. (1987), V.N. Razu-
mova et al. (1963), L.A. Yarg (1991). The
methodology of complex work includes engi-
neering-geological documentation of well core,
sampling, laboratory study of samples.

In her works, L.A. Yarg (1983), presented
all the obtained results that allow creating uni-
fied classification, where she identified zones
and subzones of the weathering crust, and char-
acteristic features for each of them.

Only since 1950, the foreign geologists be-
gan to pay considerable attention to the charac-
teristics of eluvial soils and their engineering
properties, as well as to make attempts to devel-
op classification schemes for rocky soils sub-
jected to weathering processes. The classifica-
tion of weathering crusts was based on the
scheme of weathered rocky igneous soils.
D.G. Moye (1955), identified the engineering
properties of weathered rocky soils and identi-
fied six degrees (classes) of weathering the bed-
rock with depth.

However, there is currently no unified clas-
sification in foreign geology. Some geological
engineers (Irfan, 1996, Momeni et al. 2015,
Bucher et al., 2015, etc.) use an individual quan-

titative indicator of any property (e.g. the per-
centage of weathered soils, the value rebound of
Schmidt's hammer, porosity, etc.). Others use
qualitative classification schemes, which are
based on observational descriptions and some
simple indicators of properties (e.g. the descrip-
tion of changes in structure, texture, color of
weathered soils (Farkas et al., 2018; Martin et
al., 2020; Patel, 2017).

In parallel, with the accumulation of infor-
mation on the structure of weathering crusts,
foreign and our scientists studied the changes in
the physical and mechanical properties of soils
along the weathering profiles, and the reasons
for their change. Using results of field and la-
boratory studies, the mechanisms of changes in
the strength and deformation parameters of soils
from bedrocks to eluvial clay formations were
revealed.

Results of work

The Malmyzhskoye gold-copper-porphyry
deposit is located within the Khabarovsk Terri-
tory. It consists of three large areas: Dolina,
Svoboda, Center — differing from each other in
the petrographic composition of the source
rocks, tectonic disturbance, and the degree of
development of chemical weathering.

Svoboda site. The predominant rocks of the
Svoboda area are the quartz-diorite porphyrites
with minor xenoliths of silty sandstones and
magmatic breccias (fig. 1).
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Fig. 1. Source rocks of the Svoboda site (quartz-diorite porphyrites)

The multiphase nature of the formation of
source rocks, repeatedly experienced the tecton-
ic impact, and ore formation processes with the
introduction of easily oxidizable minerals pre-

pared the massif for the active penetration of
weathering agents, and the formation of areal
and linear weathering crusts. The formation of
linear weathering crusts is associated with the
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contact zones of quartz-diorite porphyrites with
silty sandstones and magmatic breccias. In addi-
tion, the development of weathering crusts also
contributed to neotectonic movements, leading
to the cataclasis of rocks. Depending on the de-
gree of fragmentation and cataclasis, the depth
of weathering increases to 70—100 meters.

The field is characterized by a relationship
between the capacity of the weathering crusts
and:

1. The mineral composition of the parent
rocks. The presence of rapidly oxidizing copper
minerals (pyrite, chalcopyrite, galena, sphaler-

VcnoBHbIE 0003HAUYECHUS

ite, arsenopyrite) indicates the feasibility of
penetrating the weathering process to greater
depths. This is due to the oxidation of the above
mentioned minerals, which causes the formation
of sulfuric acid and an increase in the chemical
weathering — CuFeS2 + H20 + 02 = Fe203 +
H2S04 + Cu (chalcopyrite + water + molecular
oxygen = hematite + sulfuric acid + copper);

2. Geomorphological conditions (fig. 2). In
low elevation areas and places, where magmatic
breccias and silty sandstones are developed,
weathering crusts achieve the greatest thickness

(up to 100 m) as noted.
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Fig. 2. Diagram of the thickness of the residual soil of the Malmyzhskoye field (Svoboda site)



Engineering and Geological Zoning of the Weathering Crusts of the Malmyzhsky Deposit

153

- - [ [
8 8 8 3
\ A L

v
o

Mommocts sombt KOpB
BBIBETPHUBANHA, M

0 L

W OG1oMOYHAA 30HA

Fig. 3. Profile of the residual soil of the Svoboda site

Weathering of quartz-diorite porphyrites oc-
curs due to hydration, removal of bases and si-
licic acid, and oxidation of ferrous iron. As a
result, the final products of weathering are en-
riched in free oxides of Fe, Al, and Ti. Howev-
er, each of the weathering zones has its own,
inherent only in it, chemical transformations of
the initial material.

The weathering profile along quartz-diorite
porphyrites of the Svoboda site has a zonal
structure (fig. 3). According to the engineering-
geological classification of L.A. Yarg (1974),
the weathering crust is divided into 3 zones
(bottom-up):

1. Clastic (gravelly subzone)

M 3ora JlnToMapxa
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2. Lithomarge
3. Dispersed (clayey subzone)

Clastic zone

The clastic zone is represented by a rubble
subzone, which differs a little from unaltered
weathered rocks. Plagioclase and quartz, as the
main components of the parent rocks in it, re-
main practically unchanged that is not observed
in hornblende, which begins to hydrate trans-
forming into hydrochlorites. Due to the increase
in hydrochlorites, disintegration and loosening
of the rock occur (fig. 4).

Fig. 4. Rubble zone of residual soil

A distinctive feature of the clastic zone of the Svoboda ore zone is the presence of iron hydrox-
ides, which are associated with a high content of easily oxidized minerals in the parent rock.

From the point of view of engineering and geological features, the clastic zone is a crushed rock
with the following fractions content: crushed stone — 77.4 %, gravel — 8.4 %, coarse sand — 6.4 %,

fine sand, dust and clays — 7.8 % (fig. 5).
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Fig. 5. Granulometric composition of the rock by zones of the residual soil (by quartz diorites)

Fig. 6. Crushed stone with sandy loam aggregate in the Lithomarge zone

The density of the fragments is 2.42 g/ m’,
and strength of the fragments is equal to the av-
erage value.

The following values of the physical and
mechanical properties of rubble soil correspond
to this zone:

 natural humidity W varies from 0.006 to
0.391 CU. with an average value of 0.141;

* deformation modulus E is in the range of
48.5-55.3 MPa;

+ the average value of the specific cohesion
was C = 0.006 MPa;

+ angle of internal friction @0 = 34.

The exposed capacity of the zone is
100 meters.

Lithomarge zone

The most difficult to study and hazardous
for the stability of the rock mass is the Litho-
marge zone. In this zone, changes in the struc-
ture, texture and nature of structural bonds

begin to manifest themselves. Here, further hy-
dration of chlorites and kaolinization of plagio-
clases, leaching of Ca, Na, and silicas that are
part of plagioclases occur. Active oxidation pro-
cesses take place forming randomly located
spots of varying color intensity (fig. 6).

From the point of view of engineering and
geological features, the Litomarzh zone is com-
posed of crushed stone or gruss with loamy fill-
er, and in areas of increased silicification with
sandy loam filler. By granulometric composi-
tion, the aggregate is light dusty (fig. 5).

Fragments in the form of crushed stone,
gruss, and sometimes lumps have different
strengths from low to small with Rc = 1-5 MPa.
Aggregate loam with plasticity number Ip =
0.07-0.15 c.u. with an average value of 0.10
CU, sandy loam with Ip 0.03—0.07 CU, with an
average value of 0.05 CU.

By changing some properties of the soil, it is
possible to determine the transitional boundary
between this and clastic zone: during the transi-
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tion, the natural moisture content W sharply in-
creases — from 0.141 to 0.186 unit and specific
clutch C — reaches 0.013 MPa. The angle of in-
ternal friction is reduced to 30°. This indicates
the presence of clay minerals.

The thickness of the zone reaches about 72 me-
ters.

Disperse zone

Upward the profile, a dispersed zone (clayey
subzone of the weathering crust) appears. In this
zone, the original rocks experience the final
processes of oxidation and transformation, and
the formation of clay minerals (kaolinite,
montmorillonite, etc.) begins. This zone is ra-
ther widespread and is represented by variegat-
ed clay soils with ocher, sometimes white spots
(fig. 7). The structure and texture of the source

rocks, as well as relict fracturing are quite clear-
ly expressed. The thickness of the zone varies
from 0.2 m to 66.0 m.

From the point of view of engineering and
geological description, the dispersed zone is
represented by sandy loam and loam with inclu-
sions of gruss and crushed stone. Loam ranges
from light brown to dark brown in the color.
Granulometric composition (fig. 5):

» sandy loam — clay fraction is 9.1 %, silty
—17.3 %, sandy 44.9 %;

* loam - clay fraction is 33 %,
dusty — 22 %, sandy — 21 %, gritty — 11 %,
gravelly — 6 %.

There are severely weathered sharply-angled
fragments ranging in size from 0.2 to 7 cm.
Films of iron and manganese hydroxides are
observed along the fractures of the fragments,
and intense hematitization occurs (fig. 8).

)

Fig. 7. Dispersed zone of the residual soil with preservation of the structure and relict cracks: a) sandy

loam; b) loamy

o)

Fig. 8. Sample of the dispersed zone of the residual soil with films manganese (a) and iron hydroxides (b)
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Tab. 1. Physical and mechanical properties of different zones of the residual soil of the Svoboda site

Weathering crust zone
Property indicators * Dispersed (sandy Dispersed (loam) Litomarge Detrital
loam)

Natural moisture, W, d.u. 0.160 0.191 0.186 0.141
Moisture at pour point, Wy, d.u. 0.242 0.335 0.338" 0.367"
Moisture at rolling edge, Wp, e. 0.192 0.233 0.258" 0.305"
Plasticity number Ip, unit fraction 0.05 0.10 0.08" 0.06
Index of fluidity I, unit fraction -0.71 -0.42 -0.69" -0.68"
Soil density p, g/ cnn’ 1.82 1.92 - -
Debris density p, g/ cm’ - - 2.38 2.42
]C)ne;glsny of soil particles, ps, g/ 755 751 250 759
Density of dry soil, pd, g/ cm’ 1.57 1.62 - -
Porosity, n,% 39 36 - -
Pprosﬂy coefficient, e, unit frac- 0.63 0.56 ) i
tion
Wgter sat.uratlon coefficient, Sr, 0.65 0.86 i i
unit fraction
Filtration coefficient Kf, m / day 0.05 0.02 - -
Relative swelling deformation i 0.05 i i
without load, [y, d.u. )
Internal friction angle, ¢° 23 20 30 34
Specific adhesion, C, MPa 0.029 0.044 0.013 0.006
Ultimate resistance to uniaxial ) ) S [
compression, Rszh, MPa

Note: for gritty loams, with grit and crushed stone, the values of the angle of internal friction, specific adhe-
sion and deformation modulus are given in accordance with the «Methodology for assessing the strength and
compressibility of coarse soils with silty and clay fillers and silt and clay soils with coarse inclusions. DalNI-
IS Gosstroy USS . Moscow, 1989».* Mean value. ** Values for placeholder. *** Values for wreckage.

Comparing the physical and mechanical
properties of the soil of the dispersed zone with
the properties of the soil of the above zones
shows that the process of modification of the
initial strong parent rocks, and the formation of
clay minerals, which already have lower
strength characteristics, can be clearly identi-
fied. So in this zone, the density of the soil
equal to 1.92 g/ cn’, natural humidity reaches
maximum values — 0.252 CU, as well as the
specific adhesion C = 0.044 MPa. The average
value of the deformation modulus E falls to
4.5 MPa. The angle of internal friction @0 = 20.
All these characteristics indicate that dispersed
zone of the weathering crust is unstable during
the formation and operation of the slopes of the
quarries located in these rocks.

Below is a comparative table 1 of the physi-

cal and mechanical properties of rocks in differ-
ent zones of the weathering crust and graphs of
changes in some properties (fig. 5, 9).

Conclusion

The Svoboda site of the Malmyzhskoye
gold-copper-porphyry deposit is part of the nat-
ural system, which, prior to the start of devel-
opment, interacted with a system influenced by
a large and complex set of engineering and geo-
logical factors. The equilibrium of this system is
dynamic and depends on the development of
engineering-geological processes that character-
ize the geodynamic situation and determine the
degree of stability of the rock mass to external
influences, as well as the type and scale of the
upcoming changes.
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Engineering and geological study of the sec-
tion of the weathering crust was carried out ac-
cording to a set of parameters including: struc-
tural and textural features, mineral composition,
physical and mechanical properties of rocks.
Three zones were identified at the Malmyzh-
skoye field (Svoboda Site): IV — dispersed, III —
Litomarzha, and II — clastic.

The thickness of the weathering crust varies
significantly reaching maxima in tectonic zones,
as well as in zones where the contact of differ-
ent rocks predetermined the presence of geo-
chemical barriers.

An analysis of the physical and mechanical
properties of the weathering crust rocks proves
that the change in geological conditions within
even one zone of the c.v. the Malmyzhskoye
gold-copper-porphyry deposit (Svoboda Site)
entails a change in the choice of projected pit
slope angles. Therefore, it is necessary at the
initial stages of the deposit study (period of ex-
ploration work), the sides of which will be fold-
ed by weathering crusts, to study in detail the
characteristic features of the rocks that are in-
herent in them, taking into account their possi-
ble changes during the operation of the deposit.
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