GEOLOGY FOR MINING ENGINEERS

Largely documented from the
notes of Dr. Kadir Dirik



THE SCIENCE OF GEOLOGY

GEOLOQOGY is the study of the Earth, including the materials that it is
made of, the physical and chemical changes that occur on its surface
and in its interior, and the history of the planet and its life forms.
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Most of the Earth is solid rock, surrounded by the hydrosphere, the biosphere, and
the atmosphere.



Most of the Earth is composed of rocks. Rocks, in turn, are composed
of minerals
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Most of the Earth is solid rock, surrounded by the hydrosphere, the
biosphere, and the atmosphere. Although more than 3500 different
minerals exist, fewer than a dozen are common. We study the origins,
properties and compositions of both rocks and minerals.

There are two processes acting on the earth, namely internal and
external processes.

INTERNAL PROCESSES

Processes that originate deep in the Earth’s interior are called internal
processes. These are the driving forces that raise mountains, cause
earthquakes and produce volcanic eruptions.

SURFACE PROCESSES

Surface processes are all of those processes that sculpt the Earth’s
surface. Most surface processes are driven by water, although wind,
iIce, and gravity are also significant.



UNIFORMITARIANISM AND CATASTROPHISM

James Hutton was a gentleman farmer who lived in Scotland in the
late 1700s. Although trained as a physician, he never practiced
medicine and, instead, turned to geology. Hutton observed that a
certain type of rock, called sandstone, is composed of sand grains
cemented together. He also noted that rocks slowly decompose into
sand, and that streams carry sand into the lowlands. He inferred that
sandstone is composed of sand grains that originated by the erosion of
ancient cliffs and mountains.

Hutton’s conclusions led him to formulate a principle now known as
uniformitarianism. The principle states that geologic change occurs
over long periods of time, by a sequence of almost imperceptible
events. Hutton surmised that geologic processes operating today
also operated in the past. Thus, scientists can explain events that
occurred in the past by observing changes occurring today. Sometimes
this idea Is summarized In the statement “The present is the key to
the past.”



Sue Monroe




2 Over millions of years, layers of About 50,000 years ago, the explosive
sediments built up over that rock. impact of a meteorite (perhaps weighing
The most recent layer—the top— 300,000 tons) created this 1.2-km-wide
is about 250 million years old. crater in just a few seconds.

1 The rocks at the bottom of the Grand
Canyon are 1.7-2.0 billion years old.




TIME UNITS OF THE GEOLOGIC TIME SCALE
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The Origin of the Solar System and the Differentiation of the Early Earth

(b)
The currently accepted theory for the origin of our solar system involves:
(a) a huge nebula condensing under its own gravitational attraction, then
(b) contracting, rotating, and (c) flattening into a disk, with the Sun forming Iin
the center and eddies gathering up material to form planets. As the sun
contracted and began to visibly shine, (d) intense solar radiation blew away

unaccreted gas and dust until finally, (e) the Sun began burning hydrogen and
the planets completed their formation.
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(a)The early Earth was probably of uniform -
composition and density throughout, S T
(b) Heating of the early Earth reached the
melting point of iron and nickel, which,
being denser than silicate minerals, settled
to the Earh’s center. At the same time, the i 2
lighter silicates flowed upward to form the o
mantle and the crust. o (o
(c) In this way, a differentiated Earth
formed, consisting of a dense iron-nickel
core, an iron-rich silicate mantle, and a
silicate crust with continents and ocean
basin
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1 Less dense continental crust 2 Continental crust is less
floats on denser mantle. dense than oceanic crust
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Continents float high because they are made of rocks with lower densities than
rocks of the mantle or oceanic crust
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An idealized cross section illustrating the relationship between lithosphere and
underlying asthenosphere and the three principal types of boundaries convergent
(yaklasan), divergent (uzaklasan) and transform (transform). 15



DIVERGENT BOUNDARIES

Rifting and spreading along a narrow zone have created the
Mid-Atlantic Ridge, a mid-ocean mountain chain where
volcanoes and earthquakes are concentrated.

Oceanic Plate S ti
(a) Oceanic Plate Separation Mid-Atlantic

In East Africa, an earlier stage of rifting and spreading

has created parallel valleys in a zone with volcanoes
(b) Continental Plate Separation and earthquakes.



CONVERGENT BOUNDARIES

When two oceanic plates converge, they form
(c) Ocean-Ocean Convergence a deep-sea trench and a volcanic island arc.

Mariana Islands Marianas Trench



(d) Ocean—Continent Convergence

When an oceanic plate meets a continental plate,
the oceanic plate subducts and a volcanic belt of
mountains is formed at the continental plate margin.

Andes Mountains

When two continental plates collide, the crust crumples and

(€) Continent—-Continent Convergence thickens, creating high mountains and a wide plateau.
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TRANSFORM-FAULT BOUNDARIES Spreading centers are offset by mid-ocean ridge transform faults,
where the two oceanic plates slide horizontally past each other.

(f) Mid-Ocean Ridge Transform Fault

The San Andreas fault in California, where the Pacific Plate slides past the
North American Plate, is an example of a transform fault that offsets continental crust.




