V. Aquifer Classification

Many methods have been used to classify the many different kinds of aquifers across the country. Classification may be based on potential water yield, source of water, or geologic process and material. For our purposes here, we’ll divide aquifers into two main categories: unconsolidated and consolidated. These are then subdivided on the basis of geologic origin.

Unconsolidated Aquifers

Unconsolidated aquifers generally consist of loosely packed material, ranging in grain size from fine silt and clay-sized particles to coarse sands, gravels and boulders. Because of the wide range in grain size, hydraulic conductivities in this type of aquifer are highly variable.

Unconsolidated aquifers are of several different types, the most common of which are alluvial, aeolian, and glacial.

Alluvial Aquifers

In aquifers that have alluvial origins, the sediments have been deposited by flowing water in rivers and streams along channels and floodplains. Sometimes alluvial deposits are also referred to as fluvial materials.

In braided streams, the sediments are composed of coarse grained sands and gravels usually deposited under high velocity flow conditions in areas where the stream gradients are fairly steep. Fine grained particles are generally not in these deposits. Braided stream deposits tend to be heterogeneous and anisotropic. These coarser materials are often well sorted and decrease in size downstream.

Meandering river deposits include silts, clays, sands, and gravels and tend to be heterogeneous and isotropic. Along the margins of mountain ranges alluvial deposits may frequently occur in the form of alluvial fans.

Aeolian Aquifers

The second major type of unconsolidated aquifer are aeolian deposits usually composed of silt or sand that have been transported and deposited by the wind.

Aeolian sand deposits are in three places: arid environments, regions that are topographically low and flat, and areas with transportable surface sand. Sand in these environments is usually rounded, fine to medium grained, and fairly uniform in texture.

Aeolian aquifers are usually homogeneous and isotropic and have porosities ranging from 30-45 percent. Hydraulic conductivities are moderate in comparison to other aquifer materials (from 10‘ to lod centimeters per second). These deposits tend to be more uniform in thickness than alluvial aquifers.

The second type of material in aeolian deposits is loess or wind blown silt. Loess is a post-glacial deposit resulting from wind-blown clouds of silt and dust. These sediments are generally deposited over large regions of low flat land. Often the particles are composed of cohesive clays and calcium carbonate.

Silt has a low hydraulic conductivity (from 10’ to 10’ centimeters per second). Porosity ranges between 40 and 50 percent. Permeability is low but locally may be high enough to yield domestic supplies of water. Fractures, animal burrows, and root zones often increase the vertical permeability.

Glacial Aquifers

The third major type of unconsolidated aquifer is of glacial origin (fig. 5-1). In this group are materials laid down directly by the ice and materials that were laid down by the meltwater coming off the ice.

The materials deposited by glacial processes are known as glacial drift. Drift generally includes till that is a mixture of sand, gravel, boulders, silt and clay. As a progressing glacier moves across a land surface, earth materials are moved and taken up by the ice. When the glacier retreats and the ice melts, these materials are released and deposited in an
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unsorted fashion. Drift is often laid down in a broad till plain. Other glacial features such as drumlins and moraines are formed by deposition directly from the ice. All can develop secondaly permeability through the formation of joints and cracks.

Materials indirectly deposited by glaciers are carried along hy meltwater streams and slowly sorted and deposited downgradient from the ice. These materials are deposited as outwash deposits with the fine materials generally being carried away and eventually deposited further downstream. Because of their weight, the heaviest materials will be dropped out of the meltwater first. Valley-train deposits are sorted sequences of sand and gravel usually deposited along high velocity drainage routes. Buried valleys, kames, and eskers are features that most often result from meltwater deposition. The buried valley in Jefferson City is filled with valley-train deposits.

Hydraulic conductivity in glacial materials is highly variable depending on grain size and the degree of sorting. These materials are quite heterogeneous and anisotropic. Hydraulic conductivities can be high or low depending upon position in the aquifer.

Also, glacial lacustrine aquifers are possible. These generally result where meltwater lakes form below or in front of a glacier and fine materials settle. These deposits include silts, clays, beach sands and pebbles. Glacial lacustrine deposits usually have relatively low hydraulic conductivities. Sometimes the silts and clays form extensive aquitards.

Consolidated Aquifers

Sedimentary Aquifers

Sedimentary rocks are derived from physical, chemical, and organic processes. Some types resulting from physical processes are sandstones, some carbonates, siltstones and shales. Limestone, dolomite, gypsum and salt are the result of chemical processes. Some organic materials such as peat are chemically and bacteriologically broken down, heated through geologic time, and lithified to form stratigraphic sequences of coal and lignite.

In sedimentary formations that have not been overturned by folding processes, the younger rocks overlay the older rocks. These formations often show layered bedding, each layer representing a different environment of deposition (river delta, deep ocean, tidal area). Sometimes sedimentary formations are folded, bent or flexed producing a change in the angle and direction in which a formation dips. The degree of folding affects the aquifer’s productivity and depth of the available ground water. In tight folds, there may be localized water supplies and deep water tables. In gentle broad folds, shallow regional aquifers often exist. Sometimes the folds are breached by erosion, producing outcrops that serve as recharge or discharge areas. Frequently these outcrops have highly permeable layers alternating with layers of rock that have low permeability such as clay and shale. Figure 5-2 illustrates the occurrence of ground water in folded rocks and the exposure of recharge areas in eroded folds.

In sedimentary rocks, faulting may govern ground water flow. Faults and fault zones can act as barriers or conduits to ground water flow (refer to fig. 4-7). Fractures, joint patterns and solution openings are also often in sedimentary aquifers. Each of these features create secondary porosity that results in high hydraulic conductivities.

Sandstone aquifers can be highly productive. These aquifer deposits often originate from floodplain, marine shoreline, deltaic and aeolian environments. The hydraulic conductivities in these materials are usually controlled by grain size, shape and sorting as well as the degree of cementation between the grains. Most sandstones are bedded which makes them heterogeneous and anisotropic on a regional scale. On a local scale these aquifers can be extremely homogeneous.

Carbonate rocks such as limestone or dolostone are important aquifer materials. Although these materials have relatively low primary porosity and permeability because of their fine grained crystalline nature, the development of secondary porosity can make them quite productive.

Terrain where chemical dissolution of rock is prominent is called karst terrain. The absence of well developed surface drainage routes is often a key indicator of this type of environment. Features such as caverns, sinkholes and underground channels are frequently formed. Several events lead to the development of karst terrains. First the carbonate rock is fractured. Then as water unsaturated with calcium and carbonate slowly circulates through the fracturcs and joints, erosion and chemical dissolution occurs. Cavities are enlarged by the dissolution and a complex system of interconnected openings result. As time goes on the degree of erosion and the depth to the water table increases. Mature karst systems usually have caves at different levels of saturation corresponding to the lowering of the regional water table over time.

Figure 5-3 shows a cross-section of this type of aquifer environment.

Coal and lignite materials can also form sedimentary aquifers. These deposits originate from decayed organic matter that is buried and then subjected to increased heat and pressure. This type of aquifer usually yields only small amounts of relatively poor quality water.

Shale formations as a rule have quite low Permeability and tend to act as aquitards. In these rocks, as in most others, permeability decreases with depth due to the compaction of the material. Usually the only occurrence of productive capacity is due to fracture features.

Igneous and

Metamorphic Aquifers

Because of the dense crystalline nature of igneous and metamorphic rocks, primary permeability is low, ranging from only 10' to 10" centimeters per second. The crystalline structure is usually so dense that the void space is almost absent and porosity values are also low, sometimes as low as two percent.

Almost all ground water supplies that come from igneous and metamorphic rocks are the result of secondary porosity caused by fracturing. Fractures can be just a few millimeters to several meters in width and usually result from stresses within the formations. Because permeability decreases with depth, shallow igneous and metamorphic aquifers tend to yield larger amounts of water than deeper ones. Vertical columnar jointing patterns which form during the cooling of igneous rocks are often responsible for providing ground water recharge routes and storage space. Figure 5-4 shows the occurrence of ground water in this type of environment.

In addition to aquifers of intrusive igneous rocks formed from the solidification of molten rock material or magma beneath the earth's surface, there are aquifers that are composed of extrusive igneous rock (also called volcanics). These rocks are formed from volcanic processes at or above the earth's surface. A wide variety of features reflecting the entrapment of gas bubbles, organic matter, and ash during the rapid cooling of the lava often result in high porosity. Because of the relatively small amount of interconnecting space between the voids, however, permeability is highly erratic. Hydraulic conductivity is therefore highly anisotropic and heterogeneous. Volcanic materials that display the greatest conductivities and that are most often tapped for ground water supplies are porous lavas, breccias, and pumices.
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