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What are they? 

Sedimentary structures and trace fossils are two of the more interesting geological phenomena encountered in the field and yet we often ignore and walk over them. Confined to sedimentary rocks (usually limestone, sandstone and shale), they provide information about the circumstances of deposition: Was it in a stream? A sand dune? 

Had it rained recently - or frosted? Weather and conditions varied in the geologic past just as they do at present and left their marks in sediments. These now lithified sediments tell us a story of the past. 

Primary sedimentary structures are features created in sedimentary rocks by wind, flowing water, drying, etc. at the time of deposition. Secondary structures such as nodules and concretions form after deposition. Trace (or ichno) fossils are traces of past life. They may be footprints, drag marks left by a creature’s tail, coprolites (fossil dung), wormholes, burrows, etc. Note that they are not the fossil animals themselves but are only an indication that "something" alive had been here and moved on its way. Examples of primary sedimentary structures include layering or stratification, ripple marks, cross bedding or cross-stratification, raindrop, hail and frost marks. Secondary structures include mud (or desiccation) cracks, "tool" marks, soft sediment deformation 

such as slump or "slurp" structures and dewatering structures. 

Why are they important? 

In technically undisturbed areas such as Kansas, Iowa and much of the Midwest, interpretation of layered rocks is easy: the top is the youngest, the bottom is the oldest and the in-between layers are in proper order. However, in mountainous areas, rock layers may be faulted and overturned or tilted at steep angles, creating a problem in determining which way was originally up or how much tilt has occurred. Perhaps the problem is what was the 

direction of flow in an ancient, now buried stream? 

Such questions may be of economic importance. Placer gold could be present in an ancient stream channel exposed on a rock bed. Knowing the original direction of current flow could lead to additional gold or other valuable minerals such as diamonds. 

Oil and gas deposits usually are contained in traps formed either by tectonic means or by changes in rock grain size, direction of dip, etc. Ability to distinguish "tops" from "bottoms" of sedimentary layers in a structurally complicated area may help a petroleum geologist locate an oil or gas trap or to determine which direction the oil migrated in the event that the trap is empty. 

Trace Fossils 

All of us have seen footprints showing that some creature, deer, dog, another person, has walked the same route 

we are taking. We know that such features are merely traces of what passed that route previously. So it is with ichnofossils or trace fossils; they are not the fossils of once-living organisms but the track or trace of where such organisms once passed. The very prefix "ichno" is from the Greek word "ichnos" which means track or footprint. Excavation in your garden will usually reveal small round burrows which are the tracks of earthworms. Close examination along bases of grass stems often will show minuscule trails beat into the soil by legions of ants marching to and fro. A lizard scurrying across sand leaves a "tail trail" with footprints or indentations on both sides. If such tracks and trails are covered with sediments and preserved, they become trace fossils. 

However, determining what made the tracks presents a problem in the case of extinct creatures. There are trails labeled Cruziana found world wide in Paleozoic strata. They resemble parallel trails of fish bones on both sides of a small trench. After many years of study, and some luck, it was learned that Cruziana are the tracks of trilobites. The trench was formed by their ventral thorax dragging over a muddy sea bottom while their leg like 

pleures left tracks as they pushed the creature along its way. A more amazing discovery was made in Germany in 2007 when the fossilized skeleton of an advanced 290 million year old amphibian was found at the end of a footprint track way. Study of the foot bones showed they indeed had made the prints. Such prints had been known for years from many places, but their makers were unknown until 2007. 
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Coprolites are the fossilized dung of once living land or marine animals. Their utility is that when sliced into thin sections and examined with a microscope, they provide clues to the diet of whatever creature deposited them. These clues may be pieces of bone or in the case of herbivores, plant seeds and spores. Any plant fragments give an idea of vegetation at the time and in the surrounding area where the creature lived. 

Many creatures living or that lived on the bottoms of water bodies "make their living" by burrowing through the sediment and filtering out whatever they find to be edible. Some dig in and stay below the mud surface for protection, leaving only a tube projecting above the bottom surface to circulate water. Such burrowing creatures include worms, mollusks and crustaceans. Sedimentary beds sometimes have been so intensively burrowed that any evidence of depositional bedding has been erased. Burrows are sometimes filled in with sediment either washed in or excreted by the creature making, them and a telltale burrow cast is left. An oval cast with one sharp edge is sometimes found in the Topeka Formation in eastern Kansas. It probably was a clam burrow, possibly made by a representative of the genus Aviculopinna that was looking for food in the Pennsylvanian era sea that then covered the area. Trace fossils are another tool that help earth scientists interpret the environs and environment that existed in past ages. 

Sedimentary Structures 

In a manner similar to trace fossils, sedimentary structures tell us the story of past environments. For example, salt casts are cube-shaped molds of salt crystals which formed in tropical or arid regions where sea water evaporated faster than it was replenished. Modern examples of salt crystals forming under such circumstances can be found along the Salton Sea in California, Great Salt Lake in Utah, the Dead Sea, and the Persian Gulf. If such crystals are buried by blowing sand or silt, they usually later dissolve in ground water leaving cube-shaped molds. A mold filled by infiltrated clay particles makes a cast or replica of the original salt crystal. Some casts replicate "hopper" or hollow-faced crystals. Hopper salt crystals form because the crystal edges have greater 

electric attraction than the faces causing more dissolved ions to be attracted there, thus building up the rims. Such evidence of fast crystal growth of evaporates indicates extreme climatic conditions. Salt casts can be found in the upper part of the Permian age Wellington Formation in Sedgwick and other counties along its eastern outcrop edge in Kansas. These formed along the shore, while to the west, massively bedded salt was being deposited in the drying Permian Sea. 

Load casts are interesting features which indicate the presence of a stream bed or shore line feature where sand is deposited on unconsolidated mud. Portions of the heavier sand sometimes sink into the mud until equilibrium is attained. The result is a pendulous lump of sand hanging in mud. Sometimes, sinking continues and the lump breaks loose and forms a free-hanging pseudo-nodule of sand. If the whole feature - mud and sand - is lithified, preserved load casts of sand in shale result. Since the "load" is on the bottom of the sand layer, such features 

are useful to distinguish which way originally was "up" in a complex structure and to determine stream beds or other shallow water environments from deeper water deposition. 

Ripple marks are wavy forms made by wind, water currents or waves acting on unconsolidated particles. Such marks often are preserved in rock, usually sandstone, siltstone or limestone, of all ages. Ripples produced by water or wind currents most often are oriented at right angles to the direction of the current or wind that made them. Such ripples are asymmetrical; that is. one side of the "ridge" is longer and less steep than the other. At the time of forming, the shorter, steeper side always faces downwind or downstream of the (low. Close examination allows distinguishing wind ripples from their water-made counterparts; wind-made ripples tend to [image: image2.png]Symmerrical ripple
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concentrate coarser grains at their crests, and water-made ripples concentrate the coarser grains in their troughs. Wave-produced ripples are symmetrical; both sides of each ripple are about the same length and slope from the crest at the same angle. Wind-made ripples frequently accumulate in cross-cutting wedges because of frequent changes in wind direction. Such wedges are referred to as "cross-bedding" or cross-stratification." A little careful observation can allow us to ascertain water current and wind directions millions of years in the past. 
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Mud cracks or shrinkage cracks appear in mud puddles as the mud dries and shrinks. A substance such as a clay layer of equal composition and thickness throughout may shrink evenly in all directions and part into equal-sided polygons. That usually is the case in nature where mud polygons commonly display three to eight sides. Examined in cross-section, the cracks are seen to be "V" shaped with the pointy side at the bottom. Such cracks rarely penetrate the entire thickness of the mud layer. The cracks often fill with blowing dust and silt,  or become covered with new layers of mud or groundwater-deposited minerals. Mud cracks preserved in rock thus tell a story of ancient drying of lakes or shores or perhaps prolonged drought and lowering of water tables. As with other sedimentary structures, they can tell geologists which side of a formation is "up" when the direction of the "V" shaped cracks is observed. 

Calcareous cone-in-cone structures are minor structures in some beds of shale. Generally occurring in one to six inch thick layers, they are formed of packed circular cones, stacked one inside another, which have their wide or open ends upward. They are oriented with the long axes of the cones at right angles to the shale bedding. The sides of the cones usually are ribbed or grooved, with those features becoming finer toward the pointed end 

of the cone. Cones usually are made of fibrous calcite, but dolomite, siderite, and gypsum cones are known, and one pyrite cone has been reported. The method of forming is problematic, but cone-in-cone is thought to be formed in brackish, shallow water where shale is not yet completely lithified. Such shale is intruded by land-sourced carbonate-laden ground water moving down slope in an aquifer. Head pressure may force it upward through the yet unhardened shale, where it spreads in cones and crystallizes. Pieces of cone-in-cone superficially resemble petrified wood or horn coral and have been mistaken for both. The utility of cone-in-cone 

is that it provides another means of determining the lower or upper surfaces of rock beds and hints at locations and physical conditions at the time of deposition. 
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Raindrop and hailstone pits are infrequently preserved as sedimentary structures. Precipitation on flat non-vegetated soil such as that on a baseball field, stream floodplain or muddy beach, typically leaves a small pit or crater. If the rainfall is inadequate to wash away such marks, they may be covered by sediments and so preserved. A characteristic of all pits formed by the impact of falling objects, including a raindrop or hailstone, is the presence of minute rims around the edges. Rims surrounding hailstone pits frequently are washed away by subsequent melting of the hailstone. Finding such pits tells us a story about a storm that happened millions of years past and helps determine the original top of an exposed sedimentary rock layer. A related feature is the preserved prints of ice crystals formed in wet mud and covered by more mud. They provide an indication of climate - if ice was there, it was cold enough to freeze. 

Groove casts are one of a broad category of sedimentary structures termed "sole marks." Groove casts are elongate ridges sometimes found on the underside of sedimentary beds. In a given location, they may be parallel or vary from parallel, even intersect, and range in length from a fraction of an inch to several inches. 

When a stream current drags sticks, etc. downstream, grooves are left in the mud bottom. A low hanging branch over the stream can dip into the water and be moved, making an arc-shaped groove. Stream-carried sediments may fill in the grooves and make casts which are preserved on the bottom of the overlying bed. Such casts are useful in learning the stream direction and in differentiating the top and bottom of steeply tilted strata. 

These are but a few of the ichnofossils and sedimentary structures that have been categorized. Others include concretions and nodules, cross-bedding, glacial erratics and other useful features that are easily overlooked in one's search for minerals or fossils. When found, they can open a new view of the ancient earth. 
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