Socratic Questions:  Earth Surface
Questions and General Answers Created and Compiled by 

Dr. Robert Walter and Dr. Dorothy Merritts

Department of Earth and Environment, Franklin and Marshall College, Lancaster, PA, 17604-3003 (Robert.Walter@fandm.edu; Dorothy.Merritts@fandm.edu) 

1. Describe some of the common landforms on Earth’s surface and formulate a classification scheme that groups them according to how they were created?

Landforms on Earth can be grouped into four main categories:

(a) Structural Landforms – created by massive earth movements due to plate tectonics; these include mountains ranges, rift valleys, fault zones and volcanoes.

(b) Weathering Landforms - created by the physical or chemical decomposition of rock through weathering. Weathering produces landforms where rocks and sediments are decomposed and disintegrated; these include karst, patterned ground, and soil profiles.

(c) Erosional Landforms - derive from the removal of weathered and eroded surface materials by wind, water, glaciers, and gravity; these include river valleys, glacial valleys, and coastal cliffs.

(d) Depositional Landforms - derive from the deposition of weathered and eroded surface materials. On occasion, these deposits can be compressed and cemented to become sedimentary rocks; these landforms include beaches, deltas, river channels, flood plains, and glacial moraines.

2. What is weathering? Consider how weathering affects nutrient cycling? What is the relationship between geological and biological processes in the near surface environment?

Weathering is the breakdown and alteration of rocks and minerals, at or near Earth's surface, into products that are more in equilibrium with the conditions found in the near surface environment. The three principle mechanisms for weathering are chemical, physical and biological.

In terrestrial ecosystems most of the nutrient cycling occurs by weathering processes in the upper horizons in soils. The main inputs to soil come from weathering, rainfall, fertilizers, atmospheric sources and organisms. Under natural conditions, inputs from plants are the most important, including nutrients released by organic decomposition and substances washed in from the plant leaves (foliar leaching). Losses or outputs are by leaching, erosion, gaseous loss and plant uptake. Within the soil, nutrients are stored on the soil particles, dead organic matter, or in chemical compounds.

Organic matter decomposition is the main process that recycles nutrients back into the soil. Decomposition of organic matter begins with large soil organisms like earthworms, arthropods (ants, beetles, and termites), and gastropods (slugs and snails). These organisms breakdown the organic matter into smaller pieces which can be decomposed by smaller organisms like fungi and heterotrophic bacteria. Such organic rich soils can sustain multitude of plants and animals, which sustain the nutrient cycle.
3. What are soils and why are they important? From your description, explain how they might form?

The nature and characteristic of soil is an important factor influencing the productivity of an ecosystem. Soils provide vascular plants with a medium for growth, and supply these organisms with most of their nutritional requirements. Plants, in turn, directly and indirectly support practically the entire terrestrial food chain, which, in turn, illustrates that soils are required for terrestrial life. Soils, therefore, are a much more complex phenomenon than most people realize. Soil is commonly thought of as just dirt, but a true soil contains atmospheric gases, water, organic matter and a variety of inorganic minerals resulting from weathering of the local bedrock surface.

Soils accumulate on bedrock surfaces by weathering. Within these accumulations are materials displaying various degrees of physical, chemical, and biological degradation and alteration. Rock weathering causes the bedrock surface to decompose and break down into smaller and smaller aggregates, ranging in size from large boulders to small sand and clay-sized particles depending on the local bedrock composition. This initial aggregate is called regolith, which can be further altered by water and  living organisms over time to create soil. Soil is the most obvious landform created by weathering.

4. Why is organic activity important for soil development?

A jumbled mass of rocks and minerals do not constitute a true soil. True soils are influenced, modified, and supplemented by living organisms. Plants and animals aid in the development of a soil through the addition of organic matter. Fungi and bacteria reduce this organic matter to a semi-soluble chemical complex called humus. Larger soil organisms, like earthworms, beetles, and termites, mix humus into the mineral matter of the soil.

Humus is the brownish-black organic debris that darkens the upper layer of most soil horizons. Humus is difficult to see or study in isolation because it is so intimately mixed with mineral particles, but it is known to provide soils with a number of benefits:

*
It increases the soil's ability to hold and store moisture. 

*
It reduces the eluviation of soluble nutrients. 

*
It is an important source of carbon and nitrogen required by plants. 

*
It improves soil structure for plant growth. 

5. What is the difference between weathering and erosion?
Erosion is defined as the removal of soil, sediment, regolith, and rock fragments from the landscape. Most landscapes show obvious evidence of erosion. Erosion modifyies hillslopes and creates valleys. It removes sediments from areas that were once glaciated, shapes the shorelines of lakes and coastlines, and transports material downslope from elevated areas. In order for erosion to occur three processes must take place: detachment, entrainment and transport. Erosion also requires a medium to move material. Wind, water, and ice are the mediums primarily responsible for erosion. Finally, the process of erosion stops when the transported particles fall out of the transporting medium and settle on a surface. This process is called deposition.

Weathering is the first step for a number of other geological and biological processes. The products of weathering are a major source of sediments for erosion and deposition. Many types of sedimentary rocks are composed of particles that have been weathered, eroded, transported, and deposited in basins. Weathering also contributes to the formation of soil by providing mineral particles like sand, silt, and clay. Elements and compounds extracted from the rocks and minerals by weathering processes supply nutrients for plant uptake. The fact that the oceans are saline is the result of the release of salts from rocks and minerals on the continents. Leaching and runoff transport these salts from land to the ocean basins where they accumulate in seawater. Weathering is fundamental to many other aspects of the hydrosphere, lithosphere, and biosphere.

6. Given enough time, will Earth erode until it is completely flat? Will there ever be a time when erosion stops?

Even the tallest mountains will erode into little more that shallow hills, given enough time; weathering, erosion and gravity guarantee it. Mountains erode and ocean basins fill up with the eroded debris, each tending toward an equilibrium state where nothing erodes and nothing accumulates.  However, the continual activity of plate tectonics effectively assures that Earth will always have mountains and ocean basins, which provide the surface expression (topography) to allow weather, erosion, gravity and time to produce their effects on the landscape. As long as the forces that drive plate tectonics continue to operate, and as long as weather and gravity exist, then there will always be mountains to erode and ocean basins into which the eroded sediments will be deposited.

7. Is there any region of Earth that is not altered is some way by weathering, erosion and gravity, or is Earth’s surface simply a series of hillslopes continually subject to these agents? How do hillslopes impact human activities?

In essence, Earth's landscape can be thought of as a mosaic of slope types ranging from steep mountains and cliffs to almost flat plains. Large quantities of soil and sediment are moved from hillslopes by wind, water, and ice under the direct influence of gravity. The form a hillslope takes depends on the various geomorphic agents acting on it, such as climate, bedrock type, tectonic activity and time. Hillslopes are the source of materials for a variety of depositional landforms, such as stream beds, deltas, dunes, lake sediments and ocean sediments.

In practical terms, hillslopes have direct and indirect influences on a number of human activities. The steepness and structural stability of hillslopes determines their suitability for agriculture, forestry, and human settlement. Hillslopes can also become a hazard to humans if their materials move rapidly through the process of mass wasting, such as landslides, mudslides, avalanches and so forth.

8. What role do streams play in the erosion process? 

Streams alter the Earth's landscape through the movement of water and sediment. Streams are powerful erosive agents moving material from their bed and banks. In mountainous regions, stream erosion often produces deep channels and canyons. The Grand Canyon, for example, was formed when a single stream -- the Colorado River -- cut into the underlying layers of rock over a long period of time, perhaps as long as five to six million years. 

Streams also deposit vast amounts of sediment on the terrestrial landscape and within lakes and ocean basins. The Mississippi Delta is an excellent example of this process. This giant delta marks the seaward growth of land into the Gulf of Mexico. The Mississippi-Missouri River system collects eroded debris from the entire central half of the U.S. Upon reaching the Gulf the river's velocity slows, abruptly reducing its capacity to carry suspended mud and sand, and the sediment is deposited in vast alluvial fans. These submarine fans are major sources of petroleum, natural gas, and sulfur. 

9. Why do some streams look and behave differently on different parts of the landscape?

Within a single stream we can often recognize three different channel types. These unique channel types develop in response to changes in stream velocity, sediment texture, and stream grade.

Channels located in the upper reaches of many streams tend to be narrow, with flow moving at high velocities. The high flow velocities found in these streams are the result of a steep grade and gravity. Within these stream systems, erosion is a very active process as the channel tries to adjust to the topography of the landscape. Deposition occurs primarily during periods of low flow. Due to the characteristically narrow channels and the high water flow rate, floodplain deposits are rare, and the streambed is transient and shallow.

Streams with high sediment loads that encounter a sudden reduction in flow velocity generally have a braided channel type. This type of stream channel often occurs further down the stream profile where the grade changes from steeply to gently sloping. In a braided stream, the main channel divides into a number of smaller, interlocking or braided channels. Braided channels tend to be wide and shallow, and bedload materials are often coarse (sands and gravels) and non-cohesive.

Meandering channels form where streams are flowing over a relatively flat landscape with a broad floodplain. Technically, a stream is said to be meandering when the ratio of actual channel length to the straight-line distance between two points on the stream channel is greater than 1.5. Channels in meandering streams are characteristically U-shaped and actively migrate over the extensive floodplain, cutting new channels and filling in the old as it sweeps back and forth across the landscape. 

10.  What is a floodplain?

Floodplains are relatively flat areas adjacent to stream channels . They develop when streams over-top their levees during floods, spreading water and suspended sediments over the flat surface. Levees are ridges of sand or gravel along the sides of stream channels. Repeated flood cycles over time can result in the deposition of many successive layers of alluvial material. Floodplain deposits can actually raise the elevation of the stream bed, a process called aggradation. 

11. How is erosion along the coast different from erosion inland?

The various landforms of coastal areas are almost exclusively the result of the action of ocean waves. Wave action creates some of the world's most spectacular erosional landforms. Where wave energy is reduced, depositional landforms, such as beaches, are created.

A number of mechanical and chemical effects produce erosion of rocky shorelines by waves. Depending on the geology of the coastline, nature of wave attack, long-term changes in sea-level and tidal ranges, erosional landforms such as wave-cut notches, sea cliffs, sea caves, sea arches and sea stacks can form.

Many kinds of depositional landforms are possible along coasts depending on the configuration of the original coastline, direction of sediment transport, nature of the waves, and shape and steepness of the offshore underwater slope. Some common depositional forms are spits, bayhead beaches, barrier beaches or bay-mouth bars, tombolos and cuspate forelands.

12.  How frequent are the Ice Ages? Did they occur earlier in Earth history?

Various types of paleoclimatic evidence suggest that the climate of the Earth has varied over time. The data suggests that during most of Earth's history, global temperatures were probably 8 to 15° Celsius warmer than they are today. However, there were periods of times when the Earth's average global temperature became cold -- cold enough for the formation of alpine and continental glaciers that extended into the higher, middle and sometimes lower latitudes. In the last billion years of Earth history, glacial periods have started at roughly 925, 800, 680, 450, 330, and 2 million years ago. Of these ice ages, the most severe occurred at 800 million years ago when glaciers came within 5 degrees of the equator. The modern Ice Age effectively began about 2.5 million years ago, which is marked by periodic swings between cold glacial conditions and warm interglacial conditions (we are currently in a warm, interglacial phase called the Holocene). In the last million years of so, there has been on average one glaciation every 100 thousand years.

13. How do glaciers form?

Glacial ice originally fell as snow. As the snow accumulates to great depths, it becomes more compact and dense. Glacial ice has a density of about 850 kilograms per cubic meter compared to the density of snow, which ranges from about 50 to 300 kilograms per cubic meter (the density of fresh water is approximately 1000 kilograms per cubic meter). After the snow falls, snow crystals are partially melted and sublimated; a process called ablation. For most glaciers, ablation occurs mainly in the summer months. The snow also undergoes physical compaction through compression, melting and refreezing. At first, these processes cause the original snowflakes to be transformed into small round crystals called névé, which at this stage has a density exceeding 500 kilograms per cubic meter. If the névé survives the summer ablation process, it is preserved as firn. When this process happens year after year, a number of layers of firn accumulate, causing a further increase in density, modifying the firn into glacial ice. On average, the transformation of névé into glacial ice may take 25 to 100 years.

14. Do glaciers move?

To be called a glacier, a mass of ice must be capable of motion. Glacial movement occurs when the growing ice mass becomes too heavy to maintain its rigid shape and begins to flow by plastic deformation. In most mountain glaciers, flow of ice begins with accumulations of snow and ice to a depth greater than 20 meters.

The velocity of flow of glacier ice is influenced by a variety of factors, including the gradient of the valley floor, the temperature and thickness of the ice, and the constriction caused by the valley walls.  Flow rates within the various parts of a glacier are not uniform. In plan view, the middle of the glacier flows faster than its sides where surface movement is slowed due to friction against the valley wall. In cross-section, the base and sides of the glacier are also slowed due to friction against the bedrock surface.

However,  in most temperate glaciers, the immense pressure caused by the weight of the overlying glacial mass causes the ice at contact with the ground to partially melt, despite subzero temperatures. This melt water reduces the friction between the glacial ice and the ground surface, causing the glacier to move more rapidly. Because of the effects of basal sliding, some glaciers can move up to 50 meters in one day. However, average rates of movement are usually less than 1 meter per day. Cold glaciers tend to move at even slower rates, with movement taking place mainly due to periodic internal slippage of the ice over the ground. 

15. Do glaciers cause erosion?

Glaciers played an important role in the shaping of landscapes in the middle and high latitudes and in alpine environments. Their ability to erode soil and rock, transport sediment, and deposit sediment is extraordinary. During the last glacial period, it is estimated that more than 50 million square kilometers of land surface was reshaped by glaciers.

Two major erosional processes occur at the base of glaciers. First, large amounts of loose rock and sediment are incorporated into the glacier by partial melting and refreezing. The second process of erosion involves the abrasion, by rock debris in the ice, of the bedrock surface beneath the glacier. This abrasive process is known as scouring, which can modify the bedrock surface in a variety of ways. The most conspicuous feature of scouring is striations, which are long, linear scratches on scoured rock surfaces. In some cases, abrasion will completely smooth the bedrock surface, creating a feature known as glacial polish. The abrasive action of scouring also produces a fine clay-sized sediment that is typically transported away from the glacier by meltwater streams. 

16. How is carbon stored in the environment and why is this important?

Carbon is stored on our planet as: (1) organic molecules in living and dead organisms found in the biosphere; (2) carbon dioxide gas in the atmosphere; (3) organic matter in soils; (4) fossil fuels in sedimentary rocks and carbonate sedimentary rocks such as limestone, dolomite and chalk; and (5) dissolved atmospheric carbon dioxide in ocean water and as calcium carbonate shells in marine organisms.

Over the several billion years of geologic history, the quantity of carbon dioxide found in the atmosphere has been steadily decreasing. Researchers theorize that this change is in response to an increase in the sun's output over the same time period. In the Mesozoic period, for example, higher levels of carbon dioxide helped regulate Earth's temperature to levels slightly higher than today despite the lower output of solar radiation at the time. The larger concentration of atmospheric carbon dioxide in the Mesozoic caused an enhanced greenhouse effect that kept Earth much warmer than today, which in turn created an environment conducive for the flourishing of plant life, which in turn provided enough food for the terrestrial dinosaur food chain. Over time, as the sun grew more intense, several biological mechanisms gradually began to store some of the atmospheric carbon dioxide into fossil fuels (coal and hydrocarbons) in large reservoirs beneath the surface and sedimentary rocks themselves. This removal of atmospheric carbon dioxide caused a gradual decline in Earth's average temperature during the Cenozoic, despite the overall increase in solar radiation. 

17. How have humans altered the balance of carbon storage?

Since the Industrial Revolution, atmospheric carbon dioxide levels have increased by over 30%, from about 275 parts per million (ppm) in the early 1700s to just over 365 PPM today. Scientists estimate that future atmospheric levels of carbon dioxide could reach an amount between 450 to 600 PPM by the year 2100. The major sources of this additional carbon dioxide gas is from burning fossil fuels (which pumps carbon dioxide into the atmosphere) and the denudation of natural plant cover, such as grassland, woodland, and forested ecosystems (which would have removed carbon dioxide from the atmosphere by photosynthesis). The loss of this plant cover means that there are fewer plants to take in carbon dioxide from and release oxygen to the atmosphere through photosynthesis. 

Emissions from fossil fuel combustion account for about 65% of the additional carbon dioxide currently found in the Earth's atmosphere. The remaining 35% is results from deforestation and the conversion of natural ecosystems into agricultural lands. Natural ecosystems can store between 20 to 100 times more carbon dioxide than agricultural land-use types. 

18. What does this mean for the future? Will atmospheric carbon dioxide continue to rise? What does this portend for global temperatures?

19. How are geological processes, climate and life interrelated?
20. Given what you know now about surface processes on Earth, what do the surface features of the moon and Mars tell us about their landscape evolution?
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