A is for Asthenosphere:

The Asthenosphere is the region of partly molten rock that allows the plates of the lithosphere, the outer crust of the earth, to slide across the surface of the planet.  These plates move in relationship to each other.  Some of these plates carry continents with them and others carry the oceanic crust.

The Earth is divided into on outer layer called the crust or lithosphere; an inner core of nickel and iron and a layer of rocks between called the “mantle.”  The asthenosphere is an outer part of the mantle.  In contains no more than 6 percent of the mantle’s thickness.

The break between the mantle and the lithosphere is known as the “Mohorovicic discontinuity.”  The rocks of the oceanic lithosphere are denser.  They are “mafic.”  They have more iron and magnesium.  The continental lithosphere is lighter.  It is made of “felsic” rocks that contain a lot of aluminum and silicon.  Since the continental rock is lighter, it rides higher on the asthenosphere.

As rock floats on the mantle, gravity causes an “isostatic adjustment.”  Just as blocks of wood will rise of fall till they displace as much water as their weight, so the rocks of the crust will rise or fall.  When mountains are worn down by erosion, the resulting sand and mud may be washed into the sea.  Resulting isostatic adjustments may cause the ocean bottom to sink and the land to rise.

B is for Backarc:

When ocean plates converge with ocean plates or continental plates they can dive (subduct) beneath the other plate.  For example, the Pacific plate is sliding under Japan.  The subducting plate will bend downward making an ocean trench.  The trench usually takes the form of a broad curve or arch.  The area behind the arc is the “backarc.”

When oceanic crust dives under continental crust, a complex structure called a subduction complex will form.  It is made of wedge shaped slices of marine sediments.  As the crust dives deeper and warms, steam, melting rock and sediment rise as magma (molten rock).  This molten rock rises to the surface forming volcanoes and batholiths (giant masses of molten rock that congeal beneath the surface).  This area of melting and congealing rock is called a “magmatic arc.”

The basin in front of the magmatic arc is called the “forearc” basin.  The area behind the magmatic arc develops into a backarc thrust belt and a backarc basin.  The back arc thrust belt is a result of the continental plate being thrust under the developing magmatic arc.  The weight of this back arc thrust material depresses the crust creating a backarc basin.

Much of the northern part of the Pacific coast of the United States is a great magmatic arc called the “Cascades.”  Behind it is a series of backarc thrust belts and basins.

C is for Continental Drift:

The Continents are made of continental plates that drift across the surface of the earth as they float on the asthenosphere.  Mid-oceanic ridges form new sea floor at their crest pushing old sea floor away form the ridge and causing sea floor spreading.  There is a rift valley in the crest where molten rock (basaltic magma) flows upward through cracks and forms pillows of lava on the sea floor.

Rising hot rock (magma) may elevate and stretch a continent till it begins to pull apart and form a “rift valley” like those found today in eastern Africa.  Ocean crust may begin to form in the rift valley as has happened in the Red Sea.

All the continents were once united together in a single continent called “Pangea.”  Around 200 million years ago, rifts began to form in Pangea and it began to break up.  First it broke up into a northern supercontinent called “Laurasia” and a southern supercontinent called “Gondwanaland.”  Later Laurasia and Gondwanaland began to breakup.  Africa began to split apart form South America.  Rocks in Brazil in South American and Gabon in Africa show the similarity expected in what separate portions of what was once a single continent.

Australia, India, and Antarctica are also portions of Gondwanaland that drifted away.  When India crashed into Asia it created the Himalayan Mountains as a result of the collision between the continental plates.

D is for Deposition:

There are three kinds of rocks.  Igneous rocks are formed from molten rock.  Metamorphic rocks are formed as a result of great pressure.  Sedimentary rock is formed as a result of heating and cooling and eroding of soil and rock, as a result of temperature changes, as a result of the effects of wind, rain, ice, etc.  Rock breaks down into sand and mud.  Sand and mud is washed out to sea or into lakes where it is deposited as sediment.

Sometimes remains of living things are left behind in this sediment and the result is fossils.  Sediment is deposited as the result of running water, glacial ice, waves, wind loosing energy and dropping the weathered and eroded material they were carrying.

Deposition can take place by chemical changes that cause precipitation.  Evaporation from water solution can leave deposits.  Living things can deposit material as a result of their activities.  Vegetation can accumulate as peat and coal.  Oil storing diatoms remains can accumulate as petroleum deposits in ocean sediment.

Deposits of coarse rubble form “breccia.”  Cementation of rounded gravel forms “conglomerate.”  Sand from sand dunes, wave deposits, sea floor deposition can lithify into “sandstone.”  Silt and clay lithify (turn to rock) as “shale.”

Compaction is a process that forces out the pore spaces in rocks and helps form shale.  Silt and clay can form the matrix in sandstone.

E is for Erosion:

Moving air and water driven by energy from the Sun and by gravity, loosens and removes bits of soil and rock.  As the moving air or water looses energy the material will be deposited as sediment.  Pressure from overlying material will compact clay and silt deposits into shale.  Clay and silt can help cement sand into sandstones resulting in sedimentary rock.

Frost can create wedges of expanding ice that split rocks open.  Rain, melting snow, glacial ice can carry bits of rock and sand away.  These bits of rock can grind away and the surface of other rocks and at the surface of the soil.  Glaciers, waves, and wind are agents that will abrade rock and will carry abrading rock fragments.

Erosion is the actual removal of the fragments of rock and soil by moving water or glacial ice.  The transportation of this eroded material by rivers, waves, wind, and glaciers carries the material to the point of deposit.  The cementation and compaction of deposits forms them into sedimentary rock.

First changes in temperature and chemistry must weather the rock so that it’s weakened and subject to erosion.  Then the eroded rock can be transported, deposited, compacted and cemented into layers of sedimentary rock.  The rock will be sandstone when the sediments are sand.  It will be shale when the sediments are clay or silt.  The presence of bits of larger rock produces conglomerate or breccia.

F is for Flow:

Running water is the most important agent in the erosion, transport, and deposition of sediment.  The energy that drives running water comes from the action of the Sun on the water cycle and the pull of gravity.  Running water combines with “mass wasting” (the pull of gravity on rock and soil) to level hills and mountains into uniform plains.

Heavy rains may bring “sheetwash.”  Tiny streams called “rills” collect water into larger streams and they collect into rivers and drainage basins.  The downhill slope of its bed affects the velocity of the water in the stream.  Faster moving streams can carry more sediment.  The movement of the water will suspend particles of larger and larger size as the velocity increases.   Sodium, calcium, potassium, chloride, sulfate, and bicarbonate ions will dissolve in the water.

Streams filled with sediment become “braided.”  Rivers with fine-grained sediment develop curves called “meanders.”  Faster moving rivers carrying sand and gravel tend to become wide, shallow, and straight.  Slower moving rivers meander across broad flood plains and develop cutoffs and “oxbow lakes.”  “Deltas” are bodies of sediment that build up when moving water discharges into standing water.  “Distributaries” are the small channels that shift across the face of the delta and distribute water across it.

Rivers deepen valleys by downcutting. 

G is for Glaciers:

Mass wasting (the pull of gravity on rock and soil), and running water are the major forces shaping the surface of the land.  The wind becomes important in dry areas where sand dunes accumulate.  Where glaciers form, they are the most effective agents of erosion, transportation of sediment, and deposition.  The presence of glacial ice across much of the Northern Hemisphere in recent geologic time has transformed the topography of the continents.

The last episode of glaciation was at its peak only 18,000 years ago.  Most glacial ice is found today on the Antarctic continent and in Greenland.  Antarctica stores most of the world’s fresh water.  Glacial ice is actual a form of sedimentary rock formed from crystals of water.  Compacted snow that is turning into glacial ice is called “firn.”

A valley glacier is confined to a valley and flows from a higher elevation to a lower elevation.  Ice sheets cover large areas of land.  Ice sheets flow downward and outward from a central point.  Gravity causes glacier ice to move downward till it is lost by melting or breaking into icebergs that float free of the main body of the ice.

Glaciers are usually either gaining more snow than they loose through melting and wastage or accumulating more, they are advancing or receding.  The upper part of the glacier is the “zone of accumulation.”  The lower part is the “zone of wastage.”

H is for Hydrologic Cycle:

The Hydrologic Cycle is the most important medium by which the energy of the sun is transferred to the movement of glacial ice and water causing erosion, the transport and deposition of sediment and driving an important piece of the rock cycle.

Ocean rock cycles though the processes associated with plate tectonics.  Continental rock is driven through the sedimentation process by the hydrologic cycle.  These processes come together in the rock cycle to continually reform the face of the continents.

Solar energy is the engine driving the hydrologic cycle.  Water evaporates into warm air.  It condenses and falls out as rain or snow when the air cools.  The water runs off into streams and rivers or percolates into the ground.  Percolating water moves through increasingly smaller pore space as it reaches the lower rock layers where pore space has been compressed by metamorphic processes.  Finally it reaches the “zone of saturation.”  The surface of this zone is the “water table.”

This water is called “ground water.”  It only flows a few inches a year in less permeable rock.  It can move hundreds of feet a day through limestone caverns and gravel.  Water flowing out of limestone caverns and gravel, or places where the water table intersects the land, forms springs.  Water from streams and springs flows into rivers and finally into the ocean.  Evaporation will renew the cycle.

I is for Igneous:

Molten rock is called magma.  It cools to form igneous rocks.  Igneous rock either reaches the surface or does not.  When it reaches the surface it is called “lava.”  Lava cools to form the “extrusive” kinds of igneous rock.  These are known as “volcanic rocks.”  When the magma does not reach the surface it forms intrusive igneous rock.

Surface intrusions include table top shaped “dikes” and “sills.”  Igneous rocks formed at great depths are called “plutonic rocks.”  Small plutons are called “stocks” and enormous plutons are called “batholiths.” 

Igneous rock that is rich in silica, potassium, and sodium is called “felsic” rock.  Rocks poor in silica and high in magnesium, calcium, and iron are called “mafic” rocks.

Volcanic rocks are usually mafic.  The most mafic lava forms basalt rock.  Less mafic lavas form andesite.  Felsic lava is less common and forms rhyolite rock.  The plutonic equivalent of basalt is gabbro.  It is relatively uncommon.  More common is the plutonic diorite (equivalent of andesite).  Most common is the plutonic equivalent of rhyolite, which is called “granite.”  Enormous plutonic batholiths are major sources of granite rocks.

The basaltic rocks of the ocean floor form from the pillow lavas extruded at the mid-ocean ridges.  Where ocean floor slides under continents and other plates of ocean floor rock it plunges to deep regions where pressure and heat cause melting.  This molten rock rises as magma. 

J is for Jinjun: 

Jinjun is Chinese for marching on.  Hot spots generate plumes of rock that seem to march across the Earth in the direction opposite to the movement of the plates. 

A rising plume of molten rock eventually cools and solidifies.   If it solidifies deep enough it will form great batholiths of granite.  If it rises, it may burst out as a volcanic explosion generating thick flows of basaltic lava or cone forming explosions of andesitic lava.

Melting rock appears to circulate in the Earth’s mantle in convection currents.  Where a current rises to the surface, it seems to form a plume of hot rock that creates a hot spot.  As the plates move across these hot spots they leave trails of igneous activity.  Weak hot spots may only generate plutons, but major hot spots like those under Hawaii and Yellowstone are responsible for lots of volcanic activity.


The Hawaiian Islands appear to be the result of lavas that spilled out as the Pacific plate moved across a hot spot that created great plumes of hot rock that spilled out on the ocean bottom till the mounds of igneous rock built up above the surface as great island volcanoes.

Igneous activity seems to center around the formation of new ocean plate, the subduction of old ocean plate to form volcanoes, or from the plumes of molten rock generated by hot spots that seem to march across the surface of the Earth leaving trails of volcanic destruction behind.

K is for Kinds:

Rocks formed from compacted deposits are called sedimentary rock.  Clay and silt become shale, sand becomes sandstone.  Snow compacts into glaciers.  Solid organic material becomes coal or peat, liquid becomes petroleum, gases form natural gas.  Remains that show traces of biological forms are called “fossils.”

Molten rock is called magma.  Extrusive magmas form lava rock.  Volcanic glass is called “obsidian.” Volcanic ash and bombs are the result of large amounts of gasses.  When coarse volcanic material is cemented together, the rock is called “volcanic breccia.”  A “tuff” is formed from finer grains of dust and ash.  Basaltic lava filled with gas is known as “scoria.”  Pumice is formed from frothy lava glass.

Extrusive felsic lavas (lots of silicon) form rhyolite.  More mafic lavas (less silicon) form andesite.  Very mafic lavas form basalt.  When the rock is intrusive it forms granite, diorite, or gabbro.

Pressure and heat create metamorphic rock.  Basalt becomes hornfels or amphibole schist.  Shale becomes mica schist.  Limestone becomes marble.  Quartzose sandstone becomes quartzite.  Shale becomes hornfels or mica schist.  As rocks are put under greater pressure, they change from slate to phylite, schist, and finally gneiss.

Various forms of minerals may be deposited as crystals.

L is for Land:

The ocean floor is constantly recycled as it is subducted beneath the edges of continents and other ocean plates.  The land is built up from continental plates that gradually build in size as ocean archipelagos dock with the land, joining felsic rock in batholiths under the mountain chains of these archipelagos with the felsic rock of the continents.

The light rock of the continents floats high.  Hot spots warm the rock of the crust and cause it to expand.  It fractures along fault lines and blocks of the crust rise.  Weathering and glacial ice break the rocks apart.  Erosion carries the rock away as grains of sand and silt that are deposited to form sandstones and shale or metamorphize into slate when buried under many layers of rock at great pressure.

3000 million years ago there were many microcontinents containing granitic rock and these microcontinents began to collect together. 1800 years ago the Canadian Shield area began to form from the union of the Wyoming, Hearne, and Superior micocontinents.  Island arcs moved in as ocean plate carrying them dived below the continental plate.  This extended the margin of the continent into what is today southern New Mexico.  The collected island arcs that created Colorado moved in around 1700 to 1790 million years ago.  New land continued to move in extending North America into Utah and Nevada.  During dinosaur times California was still mainly ocean.  By the end of the age of the dinosaurs, eastern California was being assembled.

M is for Mountain Building:

The Pacific Ocean is rimmed with great mountain chains.  The activity of the mid-Atlantic ridge has driven South America, North America, and Africa apart. North and South American have been driven over the ocean plates of the Pacific.  These ocean plates have rolled under the South American and North American continents creating mountain chains like the Andes, the Sierra Nevada, and the Cascades.

As the water and trapped sediments adhering to the ocean plates moves downward, it is scraped off into the trench that forms where the plate plunges below the continent.  Hot solutions of water and rock rise through continental sediment and melt and dissolve the surrounding rock.  This melted rock may solidify beneath the continents as great batholiths of granite.  It may rise to the surface and emerge as the cones of andesite volcanoes or as great sheets of lava that cool to form basaltic rock.

The continental rock may be thrust underneath the mountain chain.  The weight of the developing mountains may create hydrostatic pressures that generate forearc and backarc basins that begin to fill with sediments.  A backarc thrust belt may form behind the developing mountain chain and a subduction complex next to the trench formed by the plunging oceanic crust.

A different kind of mountain chain is formed where two continents collide.  India is in collision with Asia.

N is for Nepal:

The mountains of Nepal and northern India are a result of the collision of the microcontinent of India with Asia.  India is in the process of docking against Asia and is throwing up the Himalayan Mountains, as it is jammed against Asia.  India moved from Africa to Asia along a transform plate boundary.  

Transform plate boundaries can result from the total subduction of an ocean plate below a continental plate.

One plate may begin to move against another at the point where the complete subduction occurred.  This has happen on the coast of California.  A huge piece of Mexico is moving north along the San Andreas Fault.  The Gulf of Mexico has formed where this micocontinent has broken away from the land.

Where this microcontinent rams into North America along the transform fault, high mountains are thrown up on both sides: the San Gabriel Mountains and the San Bernardino Mountains of southern California are the product of collisions and the elevation of blocks of rock along this fault.

Movement along this fault and the effect of hot magma creating a “mantle diapir” in the backarc basin behind the Sierra Nevada as the result of the ending of subduction, have stretched the continent behind California.  The movement of hot spots underneath has further stretched the rock causing it to fault and blocks of rock to rise and sink.

O is for Outward Flow:

Continents begin to break apart as the result of outward flow of hot rock from the plume of hot rock generated by a hot spot.  Three radial rifts will form where this outward flow occurs.  Continents will begin to separate along two of the three radial rifts as molten lava pillows up to form oceanic crust.  This may be happening in the western United States as a result of the hot spot under Yellowstone.

Outward flow from this hot spot and one in New Mexico combined with the stretching of the crust caused by the movement of the microcontinent west of the San Andreas and the rising of a mantle diapir here subduction has ended in the backarc basin behind the Sierra Nevada are all pulling and thinning the crust in the Nevada area.  The result is the basin and range mountains of Nevada.  The crust is fractured and blocks of crust rise and fall relative to each other.

The combined action of the New Mexico and Yellowstone hot spots, and the thinned and faulted crust of the basin and range province, may have allowed hot rock to rise under western North America causing blocks to push upward along ancient fault lines generating the uplift of the Rock Mountains.  The Rock Mountains are unusual since they are not created by subduction like the Andes or by collision like the Alps and the Himalayas.

Mountains of ocean islands may be the result of volcanic action generated by plumes of hot rock as in Hawaii.

P is for Plate Tectonics:

Plate tectonics is the notion that the earth’s crust is made of large plates that move across its surface.  Major geologic events take place at plate boundaries.  Plate tectonics unites the theories of “sea-floor spreading” and “continental drift.”

Alfred Wegener proposed the idea that continents moved in the early 1900s.  He proposed that the continents had been united together in the supercontinent of “Pangea.”  Geologists did not accept his ideas until the 1950s.  It was work with paleomagnetism (the evidence of shifts in the polarity of the earth’s poles and the record of those shifts in rocks) that gave evidence of sea-floor spreading as the source of the separation of continents.

Pillow lavas pour out at the mid-ocean ridges and form new sea floor.  Old sea floor is pushed under continents and other oceanic plates, where it melts to form the volcanic mountains of island arcs like Japan or subduction mountains like the Andes.

Continents begin to pull apart where hot spots cause the formation of rifts and basaltic lava pillows up in the rifts to form oceanic plate.  As the oceans grow, ripped off pieces of the broken continent may be shoved into other continents as India broke off Gondwanaland and got shoved off into Asia where the collision has created the Himalayan mountains.  A piece of Mexico is currently moving north along the San Andreas fault in California.

Q is for Quake:

The earth’s crust varies in thickness (between five and fifty kilometers).  Continental crust is thicker than oceanic crust.  Below the crust is about 3000 kilometers of mantle.  The rest of the 6,300-kilometer distance to the center of the earth is made up of an outer liquid core and inner solid core of iron and nickel.

Earthquakes occur where rocks are broken and move along faults in order to release stress.  The “seismic waves” generated by a quake move out from the location of the quake.  P and S waves move through the mantle and core and L waves move along the earth’s surface.  Most earthquakes have a shallow source but some can be as deep as 700 kilometers below the surface.

Most earthquakes occur as a result of tension generated in rocks from movements along plate boundaries.  Subduction and volcanic action can be a source of rock stress.  Much quake activity in California is the result of movements along the San Andreas fault.  Movement along this fault generates stress along subsidiary faults, which can be the source of significant quake activity.

Collisions between continents create broad areas of relatively shallow quakes.  Subduction of ocean plates creates “Benioff zones” of shallow, intermediate, and deep quakes.  Diverging plate boundaries create a narrow zone of shallow quakes.  Transform boundaries between plates are marked by shallow quakes in a strike-slip pattern.

R is for Rocks:

Many rocks are the result of the formation of crystals or of solutions of one or more minerals in a solvent mineral.  Important rock forming minerals include chains of silicates (combinations of silicon and oxygen) as in amphiboles such as hornblende.  Calcite (Calcium Carbonate) is an important mineral associated with the remains of shell forming animals and their limestone sediments.

Dolomite is a mineral formed from the combination of calcium and magnesium with the carbonate ion.  Feldspar is formed from frameworks of silicates combined with calcium, potassium, aluminum and sodium.  Combining calcium with the sulfate ion forms gypsum.  Halite is crystallized salt (sodium and chlorine ions).  Mica is a sheet silicate containing potassium and aluminum.  Quartz is a framework silicate (silicon and oxygen).  Serpentine is a sheet silicate containing magnesium.  Pyroxene is a chain silicate with iron, magnesium, aluminum, and calcium.

Most rock is formed of various combinations of long chain silicon compounds with oxygen in combination with calcium, magnesium, aluminum, iron, sulfates, and carbonates.  Mafic rocks have high melting points and contain much magnesium, iron, and calcium.  They are associated with the heavy basaltic rocks of ocean plates.

Silicon rich rock with a high potassium and sodium content is called felsic rock.  It has a low melting point and forms the granetic batholiths associated with continental mountain chains.

S is for Sedimentary:

Sedimentary rock is one of the three major kinds of rock.  Sedimentary rock is formed from the compaction of sediment and the formation of cement around sediment particles.  Precipitation of material from water solution is a source of chemical sediment.  Rock salt and gypsum are left behind when water evaporates.  Often the calcite in limestone rock is the result of the consolidation of shell fragments from living creatures.  The replacement of some of the calcium in calcite with magnesium will change it to dolomite.

Sediment containing fossil material made of calcium carbonate turns into limestone.  Material made of silica turns to chert.  Carbon containing solids change from peat to coal.  Fossil oils and gasses form petroleum and natural gas deposits.

The rock cycle generates volcanic rock from extruded lava and plutonic rock from intruded magma.  These igneous rocks are weathered and eroded and deposited as sediment.  The sediment is cemented and compacted into sedimentary rock that is eroded and deposited in its turn and changed into new sediment. 

Heating of rock from hot spots and subduction will cause some sedimentary rock to melt and become igneous rock.  High pressure and temperature will generate metamorphic rock.  These rocks will be subject to exposure and weathering.  They will return to the rock cycle as sediment.

T is for Time:

The solar system began to form from an interstellar gas cloud some 4,560 million years ago.  The carbon atoms in this gas cloud had been formed in hot stars millions of years earlier.  Gravity and shock waves from a supernova caused the cloud to collapse forming collections of dust that collected into planets.  Comets added water to the planets and meteors increased their size.  An object the size of Mars collided with the earth and caused it to send out material that became the moon.

This early earth was much more geologically active and gave off far more heat.  Large numbers of microcontinents and oceanic islands supported much volcanic activity.  Modern continental masses began to consolidate around 2,700 million years ago.  The chemosynthetic bacteria evolved in these ancient times.

By 2,500 mya photosynthetic bacteria began to appear and add oxygen to the atmosphere.  The oceans had been rich in dissolved iron that had gone in solution from billions of years of contact with oceanic lava.  This iron combined with oxygen and precipitated the iron deposits of the Mesabi Range and the Hammeslee Basin.

By 2,300 temperatures were cool enough for ice sheets to appear at the poles.  Around 1850 the Wyoming, Hearne, and Superior micocontinents came together to make North America.  By 1750 million year ago, the mountains generated in North America’s creation had been eroded.

U is for Utah:

There was no Utah in 1,750,000,000 BC.  There were no higher plants or animals.  There were no forests, no flowers, no fish in the sea, no birds in the air.  There was a yellow, purplish, reddish, greenish scum of bacteria and one celled plants that sometimes built up mound like deposits.  Photosynthesis in these one-celled creatures was building up the oxygen in the atmosphere.

Life as we know it had to wait till microcontinent and island arc after island arc had been added to the continents. Gradually North America grew.  The docking of microcontinents added Nebraska and Colorado between 1,800 mya and 1,700.  By 1,650 mya, the North American coast extended from Illinois to New Mexico.  Huge mountain ranges were forming in Oklahoma and Kansas as ocean plate was subducted and its hot magma produced volcanic mountain peaks like those in the modern Andes.

What is today Utah did not dock with North America till more than 1,000 million years later.  By that time multicellular animals and plants had evolved and animals and plants had both invaded the land.  The seas were filled with fish and the ancestors of modern seaweeds and invertebrate animals were filling the tide pools and forming reefs along the ocean shore.  The docking of Utah with Colorado created high mountains.  Dinosaurs grazed on the forests of ferns and cone bearing trees on their slopes.  As the age of the dinosaurs ended, a new microcontinent would dock and add Nevada to North America.

V is for Volcano:

Lava is molten rock that is extruded from the earth.  It begins as magma within the earth.  Lava is between 45 to 75% glass (silica, silicon dioxide).  The more silica, the more sticky the lava and the more violent the eruption.

Sticky lava is what is needed to make cone shaped volcanoes.

Cinder cones are formed of the loose material resulting from explosive silica rich lavas.  Cinder cones have steep slopes but they do not become as large as other types of volcanoes.

Composite cones are built up of alternating layers of cinder cone like lava and solidified lava.  The cones contain large amounts of andesite rock and are characteristic of the Cascade Mountains of western North America.  Some of these composite cones may rise over 10,000 feet above sea level.

Shield volcanoes are formed from flows of basaltic lava.  They tend to have gentle slopes and are contain great volumes of rock.

Fissures in the earth’s crust allow enormous extrusions of lava at mid-ocean ridges and as a result of the rare production of plateau basalts like those that cover much of eastern Oregon and Washington.  Tremendous quantities of lava can pour out as result of these fissures.  Mid-ocean ridge volcanism is the source of the ocean plates.

W is for Weathering:

Mechanical and chemical weathering can alter rocks exposed at the earth’s surface.  The expansion of water crystals during frost formation, abrasion from running water, wind, and ice are mechanical processes the break down rocks.

When carbon dioxide goes into solution in water, it forms a weak acid that is the source of much chemical weathering.  It dissolves the calcite in limestone resulting in underground caves and caverns in limestone rock.

Rock containing minerals formed from silicates is chemically weathered into clay.  Quartz resists weathering leaving grains of quartz sand behind as the clay particles form.

Soil forms as a result of both chemical and mechanical weathering.  Water movement though soil and the accumulation of organic matter in its upper surface give a layered structure to most soils.  Pedalfers have layers formed from downward leaching of minerals.  Pedocals are soils with precipitants formed by the evaporation of water.  Laterites form in the tropics as a result of intense chemical weathering.

Pedalfers are found in places like the eastern United States.  They have high amounts of acid from the decay of humus.  Pedocals are found in drier places and are more alkaline.  They often have a cemented layer called “hardpan.”

X is for Xeric:

Xeric (dry) areas are found in the rain shadow of mountain chains and in areas of descending (cool and therefore with little moisture) air at 30 degrees latitude.  Cold ocean currents also increase the incidence of xeric conditions.

Xeric areas tend to lack flowing water and through drainage systems.  Flash floods are the most important sources of erosion.  Thin soils and the lack of acid water to dissolve limestone characterized xeric areas.

Wind abrasion is an important source of erosion.  Wind can transport fine-grained sediments across continents and oceans.  Sand dunes move slowly downwind.  Sand is removed on the gentle upwind slope and deposited on a steeper downwind slip face.

Much of what is today desert was grassland and lake country during the most recent ice age.  The ice caps ground rock to a powder and deposited enormous amounts of glacial outwash.  Wind erosion has built up great deposits of loess made of unweathered grains of quartz and other minerals from these deposits of glacial outwash.  Loess soils are particularly important in China and in the plains area of the United States.

Chinese loess deposits are largely a result of wind carried particles from the Gobi Desert, an area of xeric conditions affected by the rain shadows of the Himalayan Mountains.

The Gobi Desert is an example of a cold area desert.

Y is for Yuanzi:

Yuanzi is Chinese for atom.  Atoms of carbon link together to form chains that are the basis of the organic molecules of living things.  Silicon atoms from chains, frameworks, and sheets with oxygen that are an important source of the minerals that make up rock.

The two most abundant atoms silicon atoms and oxygen atoms link up to form the building block for most common minerals, that building block is the tetrahedron that silicon forms in combination with oxygen.

Olivine is a mineral that results when isolated tetrahedrons of silicon and oxygen are linked to ions of magnesium and iron.  Crystals of olivine may react with chains of silicon tetrahedrons to form pyroxene.  Chains of silicate tetrahedrons make needle or fiber shaped crystals like those found in asbestos.  Amphiboles are minerals formed by double chains of silicate tetrahedrons.

Silica tetrahedrons may be linked into sheets as in mica.  Silica tetrahedrons may be linked into three-dimensional frameworks as in quartz, plagioclase, and orthoclase (examples of feldspars).

Augite is the most common pyroxene.  Hornblende is the most common amphibole.  Biotite and muscovite are common forms of mica.  Clay is a kind of sheet silicate formed from the weathering of the silicates in rocks.

The feldspars are the most common minerals.

Z is for Zhongli:

Zhongli is Chinese for gravity.  The interior of the earth is under intense pressure as a result of gravity.  The Mohorovicic discontinuity separates the crust from the deeper mantle.

The mantle is subject to even greater pressure of gravity than the crust.  It is made up of a layer of solid ultramafic rock around 2900 kilometers thick.  Pressure and trapped heat may cause some of the mantle to melt and move upward in plumes of molten rock at hot spots.

The asthenosphere is a region of the mantle around 100 kilometers deep where the rock appears to be right at the melting point.  The plastic rock of the asthenosphere allows the plates of the oceans and continents to slip across it.

The core of the earth has a radius of around 3450 kilometers with a liquid outer core and a solid inner core.  This core seems to have iron combined with sulfur and nickel.  Movement of materials around this iron core seems to generate a magnetic field.  This magnetic field switches polarity every so often.  These switches of polarity are recorded in the rocks laid down when the magnetic field is changing.  The study of these patterns is called “paleomagnetism.”

Evidence from paleomagnetism provided the proof of the hypothesis of “sea-floor spreading.”  Sea-floor spreading explained how it was possible for continents to drift.

