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1 Geology of Mines (W LLIHLIT)

1.1 Earth Crust and Strata Gz 4o 75 &)

1.1.1 Origin and Modification of the Earth (HhERRVACRFIRTE)

The study of the earth is called geology (/). This science attempts to explain the
origin of the earth and its relation to the other heavenly bodies (Rf&); it attempts to explain
the reason for the atmosphere, the waters which flow on or cover parts of the earth, and the
rocks (% f1) and minerals (B %)) which form the land surface; and it attempts to
reconstruct the history of life, going back beyond the age of man and giving us the story of the
animals that first roamed (¥7F) the earth and telling us how they lived.

We could not hope to cover (8% ), even half-heartedly (BI{#i RINE#h), the entire
study of geology here, but we shall attempt to explain the geology of coal. It must be
recognized that the story of coal is but ({X{X) one of the many stories which the geologist has
read in (I€3%) the rocks of the earth, and in discussing it we cannot help but (&8 ) treat

(4b38) some of those other geologic stories which are closely related to the origin of our coal
beds (Jones and Hunt, 1952).

1. Origin of the Earth (MiBRIIFEZTE)

Planets ({TE) are non-luminous (IEE ) (i.e. give off no light of their own) bodies
that revolve in orbits (¥liE) about an immensely larger (FEXHJ) body, generally luminous,
called a star. The earth is such a planet revolving about a star we call our sun. Eight other
planets also circle this sun, and these make up our solar system (KPHZR).

One theory about the origin of the earth and the other planets is that masses of gas, and
perhaps some solid matter, that have been thrown off from stars have gradually collected into
increasingly larger masses. Through the interattraction (# E M 5]) of gravity (E 71),
smaller masses have been added to larger ones, increasing their size and creating great heat
through the force of collision (Ai##). When any extremely hot object cools, it contracts (¥
48) and causes a buckling (BRAF) or cracking (Z5%) of the surface; thus, we may
expect to find places of elevation (¥§#2) and of depression ([M1f&) on the surface of such an
object, and this is true of the earth’s surface. With the cooling of the earth and the
development of an atmosphere from the gases which surround it, we arrive at the beginning of
geologic history.

2. Earth Modification (HiBRAY{HEZE)

The atmosphere consists of a gaseous envelope (7P5%) (air) extending outward (#ME)
a distance of over 161 km (100 miles) from the earth’s surface. While the atmosphere consists

J— 1 —



primarily of 79% nitrogen (N;) (Z) and 21% oxygen (O,) (%), it also contains other
small but important gases such as carbon dioxide (CO;) (T ALBE), water vapor (KKFR),
and various acids (BR) that aid in the weathering (JAlfk) and disintegration (Flf#) of rocks
and minerals.

We are all familiar with the destructive (BZ3R4¥EH)) force of strong winds which
accompany storms. The same powerful action is used to cut away exposed (FEBHJ) rocks and
soil; the wind gathers up dust and small sand particles and uses them much like a sandblast (T
YIEBR ) in cutting the exposed rock ledges and steep (BEUHAY) soil banks (1 32).
Although the results of this action may be very slight in any one location, its total effect over
the entire earth is enormous (E.KX#J). Also, the wind will pick up loose material of small size
and carry it to other places where it is deposited (JTF1). Sand dunes (¥ I£) are deposits of
this type; loess (1), which is not sandy and is excellent farming soil (FJ#HERI L), is
another type of wind-borne deposit.

In discussing the weathering of the rocks and minerals which form the outer crust (#M5¢)
of the earth’s surface, several aspects of this action must be considered. Moisture (7K43)
and certain gases, either separately or in combination, will cause decay (I3R) of rocks;
extreme changes of temperature aid in this decay as do acids carried in solution (¥ #%) in
ground water (M F7K) and plants and animals. These actions are partly mechanical and
partly chemical, and taken altogether they result in the overall effect called weathering (R
k).

Solid (&) is a term which misrepresents the true condition of rocks. The bedrock (%
%), which forms the outer shell of the earth, may appear to be solid but it is everywhere more
or less (£7V) shattered (B¥R); that is, there are cracks (Z$5%) and fissures (34B2), both
large and small, running through it in all directions. It is in such cracks and fissures that the
weathering action of the air takes place. Air enters the openings, carrying with it moisture and
the various gases found in the atmosphere. Moisture itself is a good solvent (%) (i.e. it
will dissolve (43#%) material), but when carbon dioxide or some of the other acid gases are
present in the moisture, its solvent action is greatly increased. Oxygen dissolved in the moisture
changes the chemical composition of (i.e. chemically it oxidizes (%4k)) certain materials that
are insoluble (ME¥EAY) (i.e. they will not dissolve); carbon dioxide in the moisture then
converts (¥%#) these oxidized minerals to different compounds that are soluble in water, and
also works on insoluble calcium (#5) compounds. The other acids carried in the moisture
contribute to (Xf+--AYEA) these changes, with the result that the rock is eaten away along
the various cracks and is weakened. Constant repetition of this process results in the rock’s
breaking into several pieces and the decomposing action continues on each of these.

Heat and cold as agents of weathering must be included with the work of the atmosphere.
Rock masses which are subjected to (B 3%) extreme (3L 43 BJ) heat, as in some desert
regions (VPEHIX), will expand (BEAK) in the same manner (PAEJHERI A ) as metals;
When they cool, they contract to their former size. Constant repetition of this will, of course,
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result in the rock masses being broken into a number of small pieces.

The destructive work of the atmosphere, then, consists of breaking up the large rock
masses through decomposition and disintegration and providing the material for the forces of
erosion (4#1#) to carry away. In places where erosion is hindered (FHLIE) by a mat of (—
%) vegetation (#H ) (bushes (#AK) or grass) or by forces (interlocking (GE45#Y)
roots), we find that weathering of bedrock produces soil which varies in depth with the time
during which the weathering process took place. In other places where these protective
coverings (#R¥7/Z) are absent, as on mountains and in arid (F5#Y) regions or plains, the
process of weathering each year produces much fine material that is carried away by the various
forces of erosion.

The weathering of the bedrock produces fine particles and eventually results in the
formation of soil over the rock. This soil mantle (B Z#)) appears to be at rest (##1k), but
it is actually being urged (3RFIER) towards a lower level (ZHARNLE E) by such actions
as running water, dissolution (43##) and frost (JKF&). The term creep (¥%3) has been
applied to this motion, particles which have been dislodged (¥#30) fall to a lower level, and
their places are taken (BXfY) by fresh particles resulting from the decay of rocks. Under the
urge of rainwash (F§7K#M), many particles are moved considerable distances and always to a
lower level. This continual process is called erosion, and the agencies (A1) taking part
include the wind, running water, ice, and sea waves.

The carrying away of soil by rainwash is a common sight (3EE#9E¥H:). Raindrops (F§
&) run together in form rivulets (/MA], #&Fi); these combine to form streamlets (/MR);
and these combine to form larger streams. The sediment (JiFR¥) which discolors (15%¢)
the water of a stream during and after rainfall is the material eroded from the soil by these
actions, both small and large. The amount removed depends, of course, on the nature of the
region; in some parts of the country where the bedrock is close to the surface, the rainwash
may not carry away as much material as in other areas where the soil is deep and unprotected.
Vegetation, which covers the soil in regions of humid climate, retards (PH ik) the rapid
removal of soil by rainwash to a great extent (FEfR KB L). In arid regions, we find that
the percentage of water running off the surface to the percentage sinking into the ground is
quite large; it is common in such regions to have small streams become raging (ZF##J) rivers

after a heavy rainfall, and the amount of soil removed by rainwash under such conditions is
enormous.

1.1.2 Three Kinds of Rocks (=#EH)

The rock (54 ) is the main material which constitutes (M) the earth’s crust (3t
5t) and is more complex than minerals, because a rock may contain many minerals. Yet (3R
i), there are only three main types of rocks. This does not mean that there are only three
different rocks, but means that there are three methods by which the rocks were made. The

three types are named igneous (K #J), sedimentary (UVTFRHY) and metamorphic (25
#1).



1. Igneous Rock (KJE)

Igneous rocks are those that came from a molten (J&REAY) condition. The pressure (&
71) and heat inside the earth cause some of the “rock stuff (#4%})” in the earth to be liquid
(#fK). When this hot liquid cools, rock is formed. This rock is called igneous rock. If the
“rock stuff” is thrown out (#t. #) upon the surface, it is an extruded rock (WEHE). If it
is thrust (#A) into the earth’s crust and does not reach the surface, it is an intrusive rock
(BAS).

The igneous rock usually contains crystals (45&:f4). If the cooling was rapid the crystals
will be very small. Sometimes the crystals are so small that they cannot be seen without the
help of a magnifying (B{K) glass. The molten material from which the cool, hard igneous
rock is formed is known as lava (&%) or magma (Z&3). If the molten rock reaches the
surface of the earth it is called lava. While it is in the earth, it is called magma. Some of the
igneous rocks are granite (7EXI# ), basalt (X&), porphyry (BE4), etc. Granite is the
commonest of all the igneous rocks and the one with coarsest grain. It was formed from magma
that cooled very slowly. Granite always contains quartz (fG3) called feldspar (£43), it may
also contain mica (ZB}) or amphibole (FBINA).

2. Sedimentary Rock (UTFLE)

The second type is named sedimentary rock. This kind of rock is formed from sediment
(UUFRY)) which has been deposited (1) by water. When rain falls on the land, washes
away some of the soil (1:3%), and wears (BE{#) away some of the rock in the earth’s crust,
it carries (#%4) this material along into the rivers. The rivers carry it into the lakes and
oceans. Here the sediment settles (L) down the larger, heavier particles are deposited
first, so that the layers are formed. This may be shown by a jar of water to which some sands
and pebbles (BUf7, /MEIFF) have been added, let the water come to rest and do not disturb
($3h), soon layers will be apparent (F] ILEY). When a rock shows the presence of horizontal
(FKFHY) layers of material, the rock is sedimentary. Sometimes the layers are not exactly
horizontal, because of the forces that lifted the rock at certain point. Some of the sedimentary
rocks are sandstone (#)&), shale (W#), and limestone (7 K%). Since most sediments
are deposited in more or less regular (FLMIE)) layers, or strata (#)2), the sedimentary
rocks are known as stratified (FJZHJ) rocks.

3. Metamorphic Rock (ZEJEE)

The third type is named metamorphic rock. Rocks of this kind have been changed by great
heat and pressure in the earth. Originally they may have been sedimentary or igneous rocks,
but because of the heat and pressure they were changed into something quite different in
appearance (#M3%). These rocks become even harder and their originally coarse grains take on
a smooth (JEHHY), sometimes glassy (BEFIRHY), appearance. For example, marble (¥
£) is metamorphic and comes from limestone; slate (¥X%) comes from shale; quartzite (7
YeF ) comes from sandstone. Gneiss (J BE) is one of the most common metamorphic
rocks. It is coarse-grained made over granite, shale or sandstone. Whatever its origin, it is
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