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I

n the March newsletter, we looked at geodes that occur in igneous rocks. This month, we will think about sedimentary geodes and the minerals that have been described in geodes of both types. As is usual with most scientific topics, explaining the origin of geodes isn't simple. But don't despair; bear with me while we explore some geology and a little bit of chemistry. 

Although geodes are found in sedimentary rocks of various ages and types, by far the largest U.S. deposits occur in carbonate rocks (dolostone and limestone) of Mississippian age (about 350 million years). These are found in a broad band extending from eastern Iowa into adjacent Illinois and Missouri, and in similar-age rocks 

in Indiana, Kentucky, and Tennessee. There are even some occurrences in Georgia and Alabama. 
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The Mississippian geodes are concentrated in layers of the Warsaw Formation and other carbonate rocks of the same age. It and the Ramp Creek Fm. of south-central Indiana include geode-rich zones that have supplied literally millions of geodes to collectors. In some places, creek beds are clogged with "geodes", most of which are actually solid quartz nodules. Local residents sometimes even use them to construct walls and houses. 

Good exposures of the Warsaw beds near Keokuk, Iowa, result in some collectors using the common name Keokuk geodes, or simply Keokuks. Quartz is the most abundant mineral, and the geodes range from an inch or so to nearly three feet across. Their shapes vary from nearly spherical to irregular or flattened in the plane of layering in the enclosing carbonate rocks. Some resemble a head of cauliflower. 

Commonly, rock layers immediately above the geode zone contain abundant fossils and fossil fragments, suggesting those rocks formed in an environment of shallow, turbulent, clear sea water with plenty of oxygen and nutrients. Fossils include mollusks (clams, snails, and cephalopods), echinoderms (sea urchins, crinoids, and blastoids), brachiopods, horn corals, and sponges. Most of these animals "filter" food particles suspended in the water. However, the geodes themselves typically occur in layers of finer grained dolostone with relatively few fossils. These rocks probably formed in somewhat deeper, quiet water lacking abundant oxygen. 

Even today, controversy surrounds hypotheses on the origin of the Mississippian geodes of the Midwest. I will summarize two hypotheses, but you need to realize that we have here a textbook case of multiple working hypotheses—a fundamental principle underlying most geological research. The idea is that several researchers come up with competing explanations for how a given feature (in this case geodes) forms. These researchers then "battle it out" in peer-reviewed publications and by presenting their results at meetings. Eventually, a consensus develops among researchers, and one or two hypotheses win approval. In the case of the origin of sedimentary geodes, the two "theories" summarized below may both be correct. 
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Theory 1. The first theory suggests that geodes form by replacement of anhydrite (CaS04, calcium sulfate) nodules by silica. It is well summarized in Barwood and Shaffer (see references below). Imagine a Mississippian shoreline area in what is now the Midwest (and extending along the margin of the Illinois basin 350 million years ago). The climate is hot and dry, similar to that in parts of the Persian Gulf today. Near the 

shore, wave action keeps the water stirred up and provides abundant oxygen. Marine invertebrate animals (most of which depend on suspended food particles for sustenance) thrive in this environment. Intense evaporation raises the salt content of the water, and brines form. (A brine is a solution that is saltier than "normal" sea water.)

In shoal (shallow) areas, waves break up shelly material, forming a coarse shell hash. The brines work their way downward through this coarse carbonate sediment and outward toward the center of the basin. As these oxygen-rich brines work their way out into the deeper, oxygen-starved water of the Illinois basin, they lose oxygen and 

[image: image3.png]sl sl geodes i sl b ed,rom e
rsemblance ofright-hand geode 0 3 fosl s rchin.”

o, IN sutor'salecion). Note




encounter finer carbonate sediments deposited in deeper water. Here, a crucial chemical change occurs. The limestones, which are made of the mineral calcite [CaCO3], are converted to dolostone, which is made of the mineral dolomite [CaMg(CO3)2]. Magnesium ions in the brines substitute for half of the calcium in the limestone. This process releases calcium ions into the brines, and this "extra" calcium causes the precipitation of anhydrite [CaS04] as nodules on the sea floor.

As this process proceeds, the lack of oxygen, combined with other features of the chemical environment, causes some of the anhydrite around the outsides of the nodules to break down. This does two things: it makes sulfur available to form sulfide minerals such as pyrite; and it raises the pH of the water (makes the water less acidic). Silica in sponge spicules, volcanic ash, or other sources is more soluble in water of higher pH, so, as the pH rises, silica dissolves into the water and becomes available to replace anhydrite and limestone. Deposition of silica on and in the rinds of anhydrite nodules forms a gelatinous layer that is the beginning of geode formation (it becomes the chalcedony layer that forms the outer shell of most Mississippian geodes).  Over time, water seeping through the silica gel dissolves out the remaining anhydrite in the core of the nodule, at the same time depositing additional silica (forming a layer of coarser quartz crystals) and other geode minerals (including pyrite and other sulfides). Voila! You end up with a layer of fine grained dolostone peppered with geodes. In deeper water, the fine grained carbonate rocks are partly replaced by chert, and in shallower water, the carbonate rocks are coarse grained and contain little silica. As the environment shifts, geode and chert formation will shift too. As a result, the distribution of geodes is patchy, rather than continuous. 
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Theory 2. Some geodes are thought to be "geodized" fossils or "exploded" fossils. One hypothesis (see Smith, 2007) suggests that, instead of anhydrite nucleating to form a nodule (as above), it nucleates in a cavity inside of a dead invertebrate. This may occur because the decay of organic material uses up oxygen, producing local conditions like those described above. Quiet water is probably required for this to work. As the anhydrite grows, the host fossil "explodes", in some cases fragmenting to the point where it's barely recognizable. The anhydrite may even extrude through the side of the fossil. Then, silicification takes over, converting the anhydrite-filled fossil into a geode (again, as above). All gradations, from easily recognizable silicified fossils to badly distorted examples, are known from rocks in Indiana (Beanblossom Cr., Brown Co.), Iowa (near Keokuk), Kentucky (near Louisville), Illinois (near Hamilton), Ohio (near Hillsboro), and Tennessee (near Nashville). 

In a slightly different category, I would be remiss not to mention the "geodized fossils" from near Tampa and Fort Drum, FL. Near Tampa, Miocene colonial corals have been replaced by chalcedony, forming the beautiful "agatized" geodes commonly seen at mineral shows. At Rucks Pit, near Fort Drum, clams of the genus Mercenana and other fossils are filled with gold-colored calcite crystals that are very fluorescent. Finally, clams and other fossils of the Crimean peninsula are famous for rare fillings of anapaite, barite, rhodochrosite, and vivianite.
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At the end of this paper, I have listed some references that you can consult to read more about these hypotheses, plus several more. Some are readily available and non- technical; others are relatively advanced.
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Minerals of Geodes. If you are a mineral collector, you might be interested to know what minerals, besides quartz and chalcedony, are reported to have been found in geodes. In the list below, I haven't tried to separate the minerals of igneous geodes from those of sedimentary examples. Having originally thought that 20 or 25 minerals might be found, I was surprised at the number. Some of the examples are definitely identified, while others are reported but not confirmed. Here's the (by no means complete) list:

Anapaite 

Ankerite 

Apatite 

Aragonite 

Aurichalcite 

Barite 

Beidellite 

Bimessite 

Calcite 

Celestine 

Chalcedony 

Chalcopyrite 

Copiapite 

Cryptomelane 

Dolomite 

Fluorite 

Galena 

Goethite 

gypsum 

hematite 

hollandite 

honessite 

jamborite 

jarosite 

kaolinite 

magnetite 

manganite 

marcasite 

millerite 

mordenite 

nontronite 

pyrite 

pyrolusite 

pyrrhotite 

quartz 

ramsdellite 

rancieite 

retgersite 

rhodochrosite 

romanechite 

rutile 

siderite 

smithsonite 

smythite 

sphalerite 

sulfur 

szomolnokite 

tenorite 

todorokite 

violarite-polydymite 

vivianite 

wurtzite 

zaratite 

In addition, gas, mercury, opal, and water have been reported. 
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