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Unit 1

Chemical and Physical
Properties of Rocks

Before discussing the specific mechanical properties of rocks, it is necessary to define a
rock and discuss some of its chemical and physical properties—particularly its structure, which
may assist or resist the application of design criteria.

A rock, unlike a steel which can be refined to consistent internal state before use, is a
naturally occurring material and must be used in its natural state. Certain simplifying
assumptions are justified to assist design processes; others are not, and to a large extent the

basis for all assumptions lies in the composition and structure of the rock.
1.1 Composition of Rocks

All rocks consist of an aggregate of mineral particles. The proportion of each mineral in the
rock, together with the granular structure, the texture and the origin of the rock, serves as a
basis for geological classification.

A mineral may be defined as an inorganic substance with consistent physical properties and
a fixed chemical composition. With the exception of some carbon forms, sulphur and a few
metals, all minerals are chemical compounds containing two or more elements in fixed
proportions by weight. Some elements are present in many minerals, the commonest being
oxygen and silicon, whilst others, including most of the precious and base metals, form an
insignificant proportion of the rocks in the earth’s crust.

The way in which the composition of the earth’s crust is dominated by eight elements is

shown in Table 1. 1.

Table 1.1 Elements in the earth’s crust

Element Approximate proportion (% ) Element Approximate proportion (% )
Oxygen (O) 46.7 Calcium (Ca) 3.6
Silicon ( Si) 27.7 Sodium (Na) 2.8
Aluminium ( Al) 8.1 Potassium (K) 2.6
Iron (Fe) 5.0 Magnesium ( Mg) 2.1




These elements comprise approximately 98. 6% of the earth’s crust and together with other
elements form twelve common minerals which make up 99% of all rocks in the earth’s crust.
The remainder of the known rock-forming minerals, numbering over 1000, make up less than
1% of the earth’s crust. It can be assumed, therefore, that most if not all rocks encountered in
problems connected with mining or engineering work, will consist of two or more of these
minerals, each of which has a particular set of physical properties which may affect the
engineering properties of the rock as a whole. In general mineral particles in a rock will be so
small that under normal circumstance they may have little individual effect on the rock
properties.

Properties such as the preferred direction of cleavage and fracture, hardness and crystal
structure used to define minerals can, however, under certain circumstances determine the
reaction of a rock to outside forces, particularly where large amounts of a relatively soft mineral
with marked fracture properties, such as a mica or calcite, or of a particular hard mineral, such
as quartz, are present. Some mineral properties relevant to an analysis of the mechanical
properties of rock are listed in Table 1. 2. The Mohs scale of hardness used in the table is based
solely on the empirical property of one mineral to scratch another and rises from the softest, talc
equivalent to 1, to the hardest diamond equivalent to 10. It is, as such, a useful scale for
gauging the apparent toughness of a mineral. A more accurate and useful method of quoting
hardness in terms of sclerometer units based on one of the pendulum sclerometer tests is
sometimes used. The correlation between scratch hardness and sclerometer hardness is

reasonably consistent.

Table 1.2 Properties of common rock-forming minerals

Hardness Specific
Mineral Fracture Structure
(Mohs) gravity
Orthoclase 6 2.6 Good cleavage at right angles Monoclinic, commonly occurs as crystals
Cleavage nearly at right angles, very | Triclinic, showing distinct cleavage
Plagioclase 6 2.7 marked
Quartz 7 2.65 No cleavage or fracture Hexagonal
Muscovite 2.5 2.8 Perfect single cleavage into thin Easily | Monoclinic, exhibiting strong cleavage
Biotite 3 3 separated plates lamellae
Hornblende 5-6 3.05 Good cleavage at 120 degrees Hexagonal normally in elongated prisms
Augite 5-6 3.05 Cleavage nearly at right angles Monoclinic
Olivine 6-7 3.5 No cleavage No distinctive structure
Three perfect cleavages, rhomboids
Calcite 3 2.7 Hexagonal
formed
Dolomite 4 2.8 Three perfect cleavages Hexagonal
Kaolinite 1 2.6 No cleavage No distinctive structure
Hematite 6 ] No cleavage Hexagonal

.



Hardness is sometimes used as a strength criterion in rocks, and as such it has certain facile
usefulness. It can, however, be shown that hardness/toughness parameters are related primarily
to dynamic strength rather than to static strength—a factor that can lead to serious discrepancies in
some rocks. For instance a fibrous rock, such as gypsum or anhydrite, may have a relatively low
hardness but a high bulk strength. Accurate strength criteria for rocks will be developed in a later
unit , Gere-it can immediately be seen that the anhydrous silicates, feldspar, quartz, hornblende,
augite , olivine are considerably harder and hence stronger than any other common minerals except
hematite. This is reflected to certain extent in the mechanical properties of a rock even where the

rock contains only a limited amount of the mineral.

1.2 Geological Classification of Rocks

It is convenient to divide the rocks in the earth’s crust into three different types based on their
origin, namely igneous, sedimentary and metamorphic rocks. Igneous rocks are those formed by
the solidification of molten magma, either at depth in the earth’s crust or by extrusion, hence,
their classification as plutonic, hypabyssal, or volcanic, depending on the depth and rate of their
cooling and its effect on their texture or crystal size. Igneous rocks are also subdivided by their
composition into acid, intermediate and basic rocks, depending on the amount of silica in their

composition. A full classification is given in Table 1. 3.

Table 1.3 Geological classification of igneous rocks

Acid rock Intermediate rock Basic rock
Texture
( >66% silica) (52% -66% silica) ( <52% silica)
Plutonic ( coarse) Granite Syenite Diorite Gabbro
Hypabyssal Micro-Granite — = Dolerite Peridotite
Volcanic ( fine) Rhyolite Trachyte Andesite Basalt Basalt
Quartz Orthoclase Plagioclase Augite Augite
Major mineral .
Orthoclase Plagioclase Hornblende Plagioclase Homnblende
Constituents ( Mica) ( Mica) Orthoclase Olivine

Sedimentary rocks, the second major type, are those rocks formed by the deposition
(usually under water) of products largely formed by the destruction of pre-existing igneous
rocks. They tend to be weaker than igneous rocks, largely because of the hydration of feldspars
to form kaolinite and the introduction of organic minerals such as calcite. Sedimentary rocks can
be subdivided into three main groups according to their method of formation, namely those
mechanically formed, those formed from organic remains and those chemically deposited
(Table 1.4). From an engineering point of view, the most important are arenaceous ( sand)
rocks, argillaceous (clay) rocks and calcareous (limestone) rocks. Typical arenaceous rocks
consist of discrete fragments of mineral—usually quartz, held together by a matrix of calcite.
Thus when a sandstone is broken, the fracture follows the weaker calcareous cement rather than

3.



cutting across the stronger grains. An argillaceous rock such as a clay or shale consists of
minute particles held together weakly and comprising largely kaolinite. The calcareous rocks

consist of organic remains or precipitates, mainly in the form of calcite and limestone.

Table 1.4 Geological classification of sedimentary rocks

Method of formation | Classification Rock Description Major minera! nstituents
. “"I 3
Rudaceous Breccia, conglomerate Large grains in clay matrix Various 7
Medium round grains )
Sandstone ) ; : Quartz, calcite
in calcite matrix
Arenaceous
Mechanical Gritstone ‘| Medium angular grains in matrix | Quartz, calcite, various
Breccia Coarse angular grains in matrix
Clay Micro-fine grained plastic texture | Kaolinite, quartz, mica
Argillaceous

Shale, mudstone Harder-laminated compacted clay

) Fossiliferous, coarse or
Calcareous Limestone

X Calcite
Organic fine grained
Carbonaceous Coal
Ferruginous Ironstone Impregnated limestone or clay Calcite, iron, oxide
Chemical Precipitated replaced
Calcareous Dolomite

Dolomite, calcite

limestone, fine grained

Metamorphic rocks may be either igneous or sedimentary rocks which have been altered
physically and sometimes chemically by the application of intense heat or pressure at some time

in their geological history. They are classified by their physical structure, i.e. massive or
foliated structure (Table 1.5).

Table 1.5 Geological classification of metamorphic rocks

Classification Rock Description Major mineral constituents

Hornfels Micro-fine grained Quartz

Massive Quartzite Fine grained Quartz
Marble Fine to coarse grained Calcite or dolomite
Slate Micro-fined grained, laminated Kaolinite, mica
Phyllite Soft, laminated Mica, kaolinite

Foliated
Schist Altered hypabyssal rocks, coarse grained Felspar, quartz, mica
Gneiss Altered granite Hornblende

It has been estimated that the earth’s crust is made up of about 95% igneous rocks, about
5% sedimentary rocks and an insignificant proportion of metamorphic rocks. This does not,
however, give a completely true picture of the rocks likely to be encountered by engineers
working in rock. The earth’s crust may be assumed to be from 30 to 50 km in thickness and

virtually all major works take place in the top a few kilometers which contain the major part of
o



the sedimentary rocks. In addition, a high percentage of these sedimentary rocks will be
argillaceous, and the majority of the remainder being arenaceous or calcareous.

This is in some ways unfortunate, igneous rocks are with few exceptions competent,
massive and strong, while sedimentary rocks are weak and strongly foliated and jointed. Of the
sedimentary rocks, the arenaceous and calcareous, under favorable conditions, approach nears
to the ideal of the igneous rocks. The argillaceous rocks depart furthest from them.

Argillaceous rocks comprise mainly shale, normally closely bedded or laminated. The
former are reasonably strong in a dry state, but weak when wet; the latter tend to have
intermediate strength under most conditions, but are easily deformed under load. The problems

encountered in mining, tunneling or foundation work in such rocks are immediately apparent.
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