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			Flood Geology and Conventional Geology Face Off over the Coconino Sandstone

			Timothy Helble

			Flood geologists have been using the Coconino Sandstone in the Grand Canyon to argue that a global flood reworked much of the planetary geologic record. Flood geologists’ arguments may seem convincing at first, but after analyzing their articles and videos as well as the conventional geology literature, it is found that the Coconino does not support a global flood. Flood geologists have been largely directing their efforts toward refuting generalized statements from critics in the popular science literature. By placing so much emphasis on finding data that could be used to refute critics, opportunities were missed to increase scientific understanding of the Coconino. Flood geologists’ findings were consistently framed to argue for aqueous deposition, which they implicitly equate to global flood deposition. It is shown that an astronomical difference exists between the two.
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			In the past few decades, the Coconino Sandstone in the Grand Canyon (fig. 1) became a major cause of flood geologists—young earth creationists who hold that a one-year global flood deposited most of Earth’s sedimentary record. To understand why this happened, it is useful to review a ­little history. In 1934, noted Grand Canyon geologist Edwin D. McKee concluded that the Coconino Sandstone was the product of winds in a desert dune environment.1 This view that the Coconino formed in a wind-driven or eolian environment soon became the consensus view of geologists. 

			Flood geologists argue that the horizontal layers of the Grand Canyon were deposited by a global flood, and they acknowledge that an eolian layer in the middle of it all poses a problem for their view. But rather than being a response to the consensus view, flood geologists’ emphasis on the Coconino was more a reaction to statements by several critics of flood geology in videos and the popular science literature. These critics cited the Coconino as an eolian deposit that clearly invalidates a global flood. Flood geologists viewed these critics’ statements as an effort to discredit the Bible.

			Flood geologists therefore set out to prove that the Coconino was deposited by water. They published numerous papers on the Coconino in both young earth creationist and conventional geology journals, featured it prominently in the Is Genesis History? movies, and addressed it in several videos. In these media, flood geologists levied several “charges” against the conventional geology view, stating that their data “will be difficult for our critics to counter.”2 These efforts were anticipated in my 2011 PSCF article “Sediment Transport and the Coconino Sandstone: A Reality Check on Flood Geology”:

			Flood geologists are currently involved in multiyear activity known as the Flood Activated Sedimentation and Tectonics (FAST) project, with several papers anticipated for publication in the near future. There is no doubt these papers will present more “evidence” for aqueous or catastrophic flood deposition for various sedimentary formations, including the ­Coconino Sandstone.3

			Interestingly, while flood geologists undertook an exhaustive, decades-long effort to refute other critics, they ignored the 2011 PSCF article and its key finding that sediment transport rates required to deposit the Coconino in a matter of days would be far too high to produce crossbeds and other detailed features, only mentioning that it was written by a “skeptic.”4 Similarly, The Grand Canyon, Monument to an Ancient Earth provides over 100 arguments against the flood geology view of the Grand Canyon,5 but the response from the largest young earth ministry focused on only the introductory and closing chapters, plus two pages from the core seventeen chapters which make the case for an ancient Grand Canyon.6

			My interactions on social media and anecdotal reports from fellow Christians indicate that flood geologists’ Coconino claims are having a significant impact. A book-length document would be required to address all their claims, but that would reach a limited audience. This article will provide a more concise response to flood geologists’ main “charges” against the consensus view of the Coconino. But before addressing these charges, it is important to understand what geologists have learned about this massive sandstone formation in northern Arizona. This will make it easier to see if flood geologists’ charges are really accounting for the consensus understanding of the Coconino.

			Conventional Geology View of the Coconino Sandstone

			Earth was dominated by the supercontinent Pangea when the Coconino was formed during the early Permian (299–252 million years ago). The Coconino erg (sand sea) formed 5 to 10 degrees north of the equator on the western edge of Pangea (fig. 2).7 Large transcontinental river systems drained westward from the early Appalachian Mountains. This long mountain range had peaks comparable to the modern Rockies and formed with the collision of Laurentia (North America) and Gondwana (Africa/South America/Antarctica).

			A continental arch prevented the transcontinental rivers from reaching the ocean. This forced the rivers to dump their sediment loads in a vast region known as the Western Interior Desert. Numerous alternating layers of sandstone, siltstone, mudstone, evaporites, halite, and anhydrite extending from central Canada into the Midwest and mountain states testify to the large terminal lakes that once existed in this vast desert during late Mississippian to middle Permian time.8

			The region had a monsoonal climate with strong northwesterly seasonal winds. Sediments from the Western Interior Desert and local mountain sources were blown to the west and southwest. Sands reaching the ocean were transported southward by longshore currents. Sands may have been incorporated into sedimentary rock one or more times before being recycled into the Coconino.9 The Ancestral Rocky Mountains in what is now Colorado were being eroded down to hills, depositing large stores of sediment in adjacent basins.

			The region where the Coconino was deposited was near sea level and surrounded by water on three sides. Before the Coconino was formed, siltstones, mudstones, and very fine-grained sandstones of the Hermit Formation were deposited in a coastal plain crossed by shallow streams draining the Ancestral Rockies and related nearby uplifts. Increased aridity took hold over the wider region when Hermit deposition tapered off. A time gap on the order of hundreds of thousands of years elapsed, with sands from the north just blowing across the Hermit surface in the area where the Grand Canyon is today. Further south where crustal subsidence was greater, a thick, reddish mixture of eolian and marine sediments accumulated on top of the Hermit as the Schnebly Hill Formation.

			Tectonic forces buckling the crust began creating more space for sand accumulation in the area where the Grand Canyon is today. Sands blown from the northwest or from beaches by onshore winds formed various types of dunes. Sometimes, dunes built up until sand avalanched downward, forming beds at what is known as the angle of repose (about 33° for dry sand). Strong winds often blew sands into the air which settled away from steeper dunes in lower-angle beds. Mica and other dust from the Western Interior Desert were blown thousands of feet high into the atmosphere and settled hundreds of miles downwind over the dunes. Lighter winds often formed migrating wind ripples. In some places, very high sand hills known as megadunes formed, which were so massive that they contained smaller dune forms superimposed over larger dunes. These megadunes sometimes had heights in the hundreds of feet and lengths in the tens of miles. The main body of large megadunes migrated southward a few centimeters per year, truncating previous dune deposits and leaving complicated bounding surfaces.10

			Fossil footprints and invertebrate burrows at different levels show that conditions were stable enough for animals to roam around and hunt. Oases, which were especially active areas of animal activity, existed in some interdune areas.11 Sporadic, short-duration showers left raindrop imprints and various soft sediment deformation features indicate that water was sometimes present. Eolian sands interfingered with marine sediments in surrounding shoreline environments. Deposition of the Coconino ended when it was covered over by the Toroweap Sea.

			How Was the Age and Depositional History of the Coconino Determined?

			The time frame for deposition of the Coconino was determined using multiple lines of evidence in the geologic record. Indirect methods were used because no datable volcanic material has been found directly above, in, or below the Coconino. Fossil footprints discovered in the Coconino in the early 1900s provided the first clue.12 The same kind of footprints was known to exist in other parts of the world along with certain fossils known to be Permian. Radiometric dating techniques, developed later, allowed numerical ages to be assigned to the Permian and other geologic periods.

			Fossils in the underlying Hermit Formation and overlying Toroweap Formation allowed the relative age of the Coconino to be narrowed down further. Fossils of a plant, several species of pine trees, and a wing from a meganeurid, an extinct insect resembling modern dragonflies, indicated that Hermit deposition ended during the early Leonardian age of the Permian period.13 Several bryozoan species indicated a late Leonardian age for the Toroweap.14 These established a middle Leonardian age for the Coconino.15 The Leonardian age, a subdivision of the Permian used in southwestern North America, is now known to span from about 280 to 271 million years ago.

			A technique refined during the 1980s and 1990s known as detrital zircon geochronology provided a trove of new data for deciphering Earth’s geologic history. This technique takes advantage of the durability of zircon crystals, uranium-lead dating, and laser ablation technology to provide the “age spectrum” of grains in a sandstone. Knowing the age of basement and other igneous rocks across the continent, detrital zircon analysis allows geologists to decipher source regions for any sedimentary unit containing zircons. It also allows the maximum depositional age of a sedimentary unit to be determined, because the rock cannot be older than its youngest zircons. Figure 3 shows a detrital zircon distribution for the Coconino annotated with selected source areas.16 Note how the youngest zircons are about 300 million years, corroborating the Coconino age using fossil evidence.

			Detrital zircon analysis of the Coconino, other Grand Canyon formations, and rocks in the surrounding region, coupled with detailed stratigraphic studies at thousands of locations across North America, allowed the regional geologic history to be pieced together into paleogeographic maps such as figure 2. Similar maps have been produced for times throughout the Paleozoic era.17

			As indicated in figure 3, Coconino zircons came from a variety of nearby and distant source areas. For distant sources such as the Appalachians, geologists proposed that massive volumes of sand were transported westward by transcontinental rivers as shown in figure 2. Evidence for one of these rivers has been found at the Permian level in West Virginia.18 The stratigraphy of Pennsylvanian and Permian layers in central Canada and the US Midwest/mountain states indicates that these rivers dumped their sediment loads in a vast, arid region.19 These sediments may have been recycled from older Pennsylvanian and Permian rocks to the north in Utah, Wyoming, and Montana before reaching the Coconino.20

			Eolian processes then brought sands further west and southward. Sands blown into the ocean were transported southward via longshore currents. The zircon evidence indicates that significant amounts of sand also came from local uplifts such as the Ancestral Rocky Mountains, which were in process of being eroded down to low hills during the Permian. Some evidence of water transport from local uplifts has been found in parts of the Glorieta Sandstone to the east of the Coconino.21 Interestingly, flood geologists acknowledge that “the zircon evidence is compelling and does suggest a distant origin for some of the Coconino sand,”22 yet many of them have published articles, books, and videos arguing that radiometric dating cannot be trusted.23

			Flood Geology Coconino Arguments

			Crossbed Angles

			The Charge: Coconino crossbed dip angles support the underwater deposition view.24

			Response: Flood geologists’ changing arguments on this issue imply that the Coconino cannot be eolian in origin because all crossbed dips are not at the angle of repose, which is about 33° for land dunes. They initiate their case by mischaracterizing critics as saying that all Coconino crossbeds are near the angle of repose.25 They then set out to disprove this characterization by measuring Coconino crossbed dips, eventually sampling over 200 locations in quarries and along trails and streams. They found that bed angles ranged from 2 to 32°, with the highest number of beds at 24° and a mean of about 20° (fig. 4). The lee slopes of marine sand waves are typically less than 20° but are reported to reach more than 30°, so they argue that some marine sand waves are comparable to those in the Coconino.

			A fact obscured by flood geologists is that all crossbeds do not have to be near 33° for the Coconino to be an eolian sandstone. Beds formed by sand avalanching are steep at the top, but often flatten out at the base, producing a concave-upwards profile. Exposed beds in modern dunes reveal a mix of dip angles (fig. 5), because they are formed in several ways. Strong winds often blow sand far away from steeper dunes (suspension), which falls in beds at a variety of angles. Flood geologists assert that the Coconino is completely “dominated by avalanche deposits,” but the Coconino does not follow such “one size fits all” rules. Some parts are mostly avalanche (grain flow) deposits while other areas are mostly suspension (grain fall) deposits.

			It would probably be accurate to say that crossbed angles by themselves cannot be used to argue for either the eolian or aqueous view. A flood geologist recently admitted that having few crossbed dip angles in the 30s does not prove subaqueous origin.26 His main argument now is that the distribution of crossbed dips in modern dunes have a wider statistical spread than ancient sandstones; therefore, “the sandstones probably all formed in similar non-eolian settings.” Presumably “non-eolian” means marine, but how that conclusion logically follows from the premise is not explained. Comparing statistics on crossbed dips in modern dunes to those for sandstones is an apples-to-oranges exercise. This is due to the fact that modern sand dunes have high crests separated by wide, lower areas with few steep beds. In contrast, sandstones are of uniform thickness because all the low areas have been “filled in” through various dune processes such as migration and suspension. Also, angles vary with dune type, wind regime complexity, and other factors. When comparing modern dunes to ancient sandstone, one cannot presume to know the precise dune types and wind regime existing in the past.

			Flood geologists have made misleading claims about crossbed angles. In Is Genesis History?, one stated that “these crossbeds are always 15 to 25°,”27 but left out that 14% of measured crossbeds are more than 25°. Another claimed that the book The Grand Canyon, Monument to an Ancient Earth says Coconino crossbed dips are “near the angle of repose,”28 when it actually uses the words “maximum angles” or “reaching” in conjunction with references to the angle of repose.”29 

			Ripples

			The Charge: Ripples on exposed surfaces of the Coconino (fig. 6) could be formed underwater.30

			Response: Ripples in the Coconino have small heights (amplitude) compared to their wavelength. Such ripples do not form underwater except in some beach swash zones. Ripples are often characterized using a ripple index (RI), where RI = length between wave crests divided by the height of crests. In 1917, geologist Edward Kindle found that wind ripples have RI greater than 10 to 15 while RI for water ripples is less than 10 to 15.31 Kindle’s criteria are now widely accepted, with acknowledgement that some variation exists with grain size and wind velocity.32 In 1945, Edwin McKee applied these criteria to 21 Coconino specimens and found that their RI ranged from 17 to 98, with fairly even distribution between the extremes.33 This placed all 21 of McKee’s Coconino specimens solidly in the high-index, wind ripple category.

			Flood geologists John Whitmore and Paul Garner cite a 1968 paper by J. Houbolt to argue that “these kinds of ripples are known to occur in similar style on various sand waves and related subaqueous features.”34 However, Houbolt never stated anything of the kind. He was studying large-scale sand waves on the bottom of the North Sea, not small-scale ripples. The analog echo sounding technology that he used in the 1960s to scan the ocean bottom had no way to resolve small ripples.35

			Flood geologists acknowledge that “low-amplitude” ripples exist in the Coconino and refer to them as “called ‘wind ripples’ by some,” but avoid their significance as eolian indicators. They compiled statistics for crossbed angles, grain sorting, grain rounding, and grain size, but nothing for ripple index as done by McKee 80 years ago. Not including such data suggests an intent to only provide information which can be used to argue for aqueous deposition.

			Rounding and Sorting

			The Charge: Sand grains in the Coconino are neither well rounded nor well sorted.36

			Response: Flood geologists effectively refuted generalizing statements from their critics, but the science had already advanced well past a narrow focus on “one size fits all” rounding and sorting criteria for sand dunes. Some flood geologiy critics cited well-rounded and well-sorted sand grains in Colorado Plateau sandstones as evidences for eolian origin of the Coconino.37 Flood geologists then evaluated Coconino thin sections taken from several locations and found that sand grains were sub-angular in northern Arizona and sub-rounded in central Arizona. They also found that sorting and overall grain size in the Coconino is slightly different from modern eolian dunes that they sampled. They argue that these findings are more consistent with aqueous depositional processes.

			It is now known that grain rounding in eolian sand dunes is more complicated than earlier thought. In 1995, geomorphologist Nicholas Lancaster stated: 

			Although early workers suggested that aeolian sands were rounded or well-rounded in shape, more recent investigations indicate that, in aeolian sands, true roundness in the dominant 125–250 µm size group is rare and most grains are sub-angular to sub-rounded in shape.38 

			In 1981, Andrew Goudie and Andrew Watson noted that grains from different sand seas cluster around distinctive grain roundness characteristics that reflect their specific sand source and transport pathways.39

			It has also been known for several decades that inland dunes have a range of sorting values. In 1979, McKee stated: 

			Comparison of 291 coastal dune sand samples with 175 inland dune sand samples shows several differences. The coastal dunes are composed almost totally of very well sorted fine sand … Inland dune sand samples, by contrast, show a much greater range in mean grain size and sorting values.40 

			It should be apparent that grain morphology in sand dunes (and eolian sandstones) cannot be forced to follow a fixed set of rules. Finding “rule violations” in flood geology critics’ generalizing statements does not constitute evidence for aqueous deposition.

			Sand Injectites

			The Charge: Liquified Coconino sands were injected downward into cracks in the Hermit Formation (fig. 7).41

			Response: The evidence found by flood geologists that the sands were liquified when injected into the Hermit is likely correct, but they did not evaluate all options for how and when this occurred. In the article which they successfully published in the journal Sedimentary Geology, flood geologists offered only two possible causes and time frames for the cracks: desiccation shortly after the Hermit was deposited, or earthquakes on the Bright Angel Fault42 some 250 million years later. (Of course, flood geologists do not accept a 250-million-year time span—they were using conventional geology terminology so that their article could be published in a “secular” journal.) They correctly noted several features of the cracks that are inconsistent with desiccation such as tapering in an upward direction and splitting and rejoining. Flood geologists easily rejected their second option—the sands could not have been injected during earthquakes on the Bright Angel Fault—because “the fault was relatively inactive between the Precambrian and the Laramide deformation.”43 The Coconino is currently estimated to be about 275 million years old, and the Laramide Orogeny took place from about 70 to 40 million years ago. They concluded that if the cracks did not form until the Laramide Orogeny, the Coconino would have to remain uncemented for “an excess of 250 million years.”44

			Flood geologists effectively refuted two explanations which they implied were the only options for conventional geology, but failed to consider a third option. The sand injectites could have formed sometime between Coconino deposition and the Laramide Orogeny in the conventional geology time scale, but much closer to the former time than the latter. Lithification (the process of becoming rock) of the Hermit muds would require at least several centuries,45 and the Hermit was obviously hardened rock when the cracks formed. Tectonic forces could slowly deform a lithified crust upward when the overlying Coconino sands were still a relatively recent deposit and saturated below a water table (or the sea). At some point, the Hermit “snapped,” cracks formed, and sand rushed in. This deformation could be related to where the Bright Angel Fault is today, but was not necessarily caused by the fault. Also, “relatively inactive” does not mean zero earthquakes on the fault for 250 million years.

			Sand injectites in less permeable rock layers such as mudstone have been extensively documented in the research literature. Liquefaction—a breakdown of the support structure of sand grains to the point where they are temporarily dispersed in the fluid that fills their pores—is recognized as integral to their formation.46 Flood geologists do not consider the possibility that this could occur in the conventional geology time frame under saturated conditions below a water table. Saturated conditions would also exist when marine waters covered the eolian Coconino as the overlying Toroweap and Kaibab Formations were deposited.

			The sharp Hermit/Coconino contact poses a huge problem for flood geology which has been largely overlooked. Flood geology cannot explain how the silts and clays of the Hermit Formation could rapidly dewater, compact, and lithify within hours such that a sharp boundary could exist between it and the overlying Coconino. A deep, saturated layer of Hermit muds that was deposited just hours earlier would not be able to support Coconino sands that were rapidly piled on top at a tens of feet per day rate. Geotechnical failure would occur and the two would just intermix, making it impossible to distinguish Hermit sediments from the Coconino.47

			Vertebrate Footprints

			The Charge: Fossil footprints in the Coconino were made underwater.48

			Response: Fossil trackway research has advanced considerably beyond flood geologists’ early papers, and flood geologists’ water tank experiments never demonstrated that underwater footprints could be made under conditions that were remotely close to a global flood. In 1979, Leonard Brand described trackways in the Coconino at 15 locations along the Hermit Trail in Grand Canyon within a 50-meter (165 feet) vertical span. At just one of those locations, he found tracks at six different levels within 60 cm (2 feet). He then observed the footprints made by newts in calm water tank experiments and argued that his results show that fossil footprints in the Coconino “should not be used as evidence for eolian deposition by dry sand.”49

			In 1991, Leonard Brand and Thu Tang described experiments with newts videotaped while scrambling against a 0.2 mile per hour current in 1.5-inch deep water. When a newt was washed sideways, its feet were pointed at almost a right angle to the direction it was drifting. They noted similar foot orientations in some Coconino trackways where an animal briefly traveled sideways from its intended direction. They argued that this points to subaqueous deposition.50 Brand and Tang provided drawings of the newts’ foot positions in the flowing tank experiments, but no actual photos. Brand recently stated that they could see where the animal put its feet down, but could not provide any details as to how deep or distinct the prints were or how they compared to the deep prints found in the Coconino.51 An ichnologist commenting on Brand and Tang’s paper pointed out that Coconino trackways indicate the strides of non-drifting tetrapods. He also stated that if the current in their water tank had been increased to 0.45 miles per hour, the sand would show (low index) current ripples. However, no water current ripples have been found on thousands of square meters of Coconino specimens.52 High-index wind ripples are often seen in the Coconino.

			Simulated current speeds over the continents produced in flood geologists’ recent models of a global flood are 30 to 45 miles per hour.53 Such speeds would send trackmakers swirling in the water. Proposals that animals left the tracks during low-tide breaks in the flood violate the principles of hydraulics, because deep water over broad regions cannot recede in a few hours like tides on the sea shore. A few flood geologists are beginning to recognize that trackways pose a problem because they reflect an increase in frequency and species diversity as one moves higher through the rock record, when animal life should have been wiped out by day 150 of the flood as specified in Genesis 7:23–24.54

			In a 1996 paper, Brand found that the best toe prints were produced in wet mud exposed to the air, which was a significant retreat from his subaqueous interpretation.55 Several studies going back to a classic paper by Lionel Brady (1947) demonstrate how modern arthropods and vertebrates can make tracks remarkably like those in the Coconino in damp/moist (not subaqueous) sand.56 Preservation of subaqueous tracks is a problem, as very saturated substrates lack the cohesion necessary to preserve well-formed tracks like most of those seen in the Coconino. If tracks were made on sand which was then covered by water, they would be quickly erased. The characteristics of ridges behind each footprint impression indicate that fossil trackways were made on dry sand, and it is even possible for scientists to use the impressions to make good estimates of the animal’s weight. The mechanism for preservation of such footprints is currently being studied.

			More recently, Brand acknowledged that “at present, it is not clear what the ultimate conclusion from this research will be.”57 Ichnologists have observed fresh lizard trackways on sand dunes and noted that individual tracks pointed uphill even where the ­animals moved sideways across the dune face.58 Some surfaces of the Coconino and other sandstones with fossil trackways also have high-index wind ripples, not low-index current ripples, indicating that they were made on land, not underwater (fig. 6, top). Also, Coconino trackways have been found which go in all four directions and even make a U-turn (fig. 8).59

			Raindrop Imprints

			The Charge: So-called raindrop imprints in the Coconino really are not raindrop imprints.60

			Response: Flood geologists have not offered a viable explanation for the depressions and fail to seriously evaluate an obvious interpretation that runs against the flood geology view. They offered three arguments against the raindrop imprint interpretation: (1) raindrops in sandy substrates form a mottled surface rather than distinct craters like what is sometimes seen in the Coconino, (2) the “raindrop” prints in the Coconino typically occur in linear zones, not in randomly scattered patterns as one would expect, and (3) some depressions that look like raindrop prints are probably burrows or some other feature because the structures vertically penetrate up to 1 cm into the sand.

			The deepness and spacing of depressions would depend on the size and number of raindrops and the nature of the surface. Raindrop imprints appear to be in rows because rain fell on wind-rippled dune surfaces (fig. 9), which flood geology cannot allow for. Differential erosion then slightly eroded the higher parts of some ripples, making the imprints appear to be in rows. Burrows do indeed exist in the Coconino, but these indicate animals living in a stable environment, not one where sediment was piling on at astronomical rates required by flood geology.

			Soft Sediment Deformation

			The Charge: Large contorted beds in the Coconino, like the ones in Lizard Head near Sedona, Arizona (fig. 10), could only be formed by strong water currents.61

			Response: Water was indeed involved when these contorted beds were formed, but it happened through a mechanism that was very different from the overturning of crossbeds by strong water currents as envisioned by flood geologists. Three sets of crossbeds can be seen in the top photo of figure 10: an upper set, a middle set containing the contorted beds, and a lower set. Within the middle set, the original crossbed dip was maintained above and below the deformation. This indicates that the deformation was internal to the middle crossbed set. Even if it were physically possible for currents to overturn the middle crossbed set, at this location it would require the current to reverse direction from that which formed the crossbeds. There is no evidence here or elsewhere in the Coconino for such flow reversals.

			An unstated assumption of flood geologists is that water has no role in a desert. But deserts do occasionally experience heavy rainfall. Many deserts have high water tables and surface water in localized areas. A more viable explanation for the contorted beds within the middle crossbed set is that downward dune collapse occurred into a zone of saturated sand which then underwent liquefaction. Such dune collapses could occur in slopes where the bedding structure of sands made them inherently unstable. Collapses could be triggered by local earthquakes associated with fault reactivation in basement rock which was adjusting to new sediment loads. When the collapsing sand impacted saturated beds at the bottom, internal forces acting parallel to the crossbed dip were initiated, causing a bulge in the crossbeds along an underlying shear surface. Fluid then escaped along a permeability barrier indicated by horizontal pseudo-bedding produced by the shear movement. This flat pseudo-bedding can be seen just below the contorted beds in the middle set.62

			Evidence in the beds at Lizard Head indicates that they formed in an eolian environment that was later saturated by water. The upper set seen in figure 10 (top) consists of normal crossbeds. The crossbeds in the middle set above the contorted beds were slightly flattened when the collapse and subsequent contortion occurred. Crossbeds in the middle set which are below the contorted beds and pseudo-bedding were left intact, as were the crossbeds in the lower set. Crossbeds in the lower set now exposed on the underside of Lizard Head (fig. 10, bottom) are topped by strata that reveal a clear indicator of eolian processes—high-index wind ripples. Geologist Gerald Bryant measured these ripples to have a wavelength of about 150 mm and an amplitude of 3 mm (ripple index = 150/3 = 50), so they are clearly wind ripples.

			Mica

			The Charge: Mica was found in the Coconino. Mica disappears in eolian transport, so it could be there only if the Coconino was deposited underwater.63

			Response: Some key information was left out in using mica to argue for underwater deposition. After a critic suggested that the Coconino has no mica,64 flood geologists found mica sandwiched between sand grains in thin sections of the Coconino.65 They then conducted experiments to test how well mica survives in simulated eolian and aqueous environments. The first experiment involved placing a small amount of muscovite-rich sand in a gallon pickle jar and running a propeller inside the lid at a speed that caused a small “dune” to migrate around the bottom. After four days, all mica flakes were abraded down to between 0.2 and 0.5 mm in size. By twenty days, all flakes were between 0.12 and 0.2 mm.66 These numbers were provided in a 2017 Aeolian Research article, which is behind a paywall, but not in media targeted for lay audiences. They conducted a second experiment which involved tumbling mica and sand in a jar with water. After a year, mica flakes could still be seen. They concluded that aqueous processes could transport mica much greater distances than eolian processes.

			When describing the results of their first experiment in talks, videos, and publications targeted for lay audiences, flood geologists state that the mica “disappears” in two (or four) days.67 Clearly, reducing mica flakes to somewhere between 0.2 and 0.5 mm is not the same as disappearing. Furthermore, close-up photos of Coconino sand grains in flood geologists’ articles show mica flakes between 0.1 to 0.3 mm except for one that is about 0.4 mm.68 Thus, mica from their first experiment, a simulated eolian environment, was essentially the same size as mica they found in the Coconino.

			Another point not mentioned by flood geologists is that Saharan mica flakes similar in size to those in the Coconino are routinely blown at least 570 miles offshore to the Cabo Verde Islands and even 2,700 miles into the Atlantic (fig. 11).69 The flood geologists’ pickle jar experiment may be a good analog for abrasion of mica in deserts such as the Namib, where sands are blown long distances inland from a beach. However, the Saharan dust plumes show that mica would not have to bounce great distances across the land together with sand to reach the Coconino erg. Strong winds in the Western Interior Desert or the even closer region surrounding the Ancestral Rockies could easily loft mica thousands of feet into the atmosphere, which later settled over the Coconino and was soon buried or leached into the sand with rain water. Flood geologists concede that mica exists in modern sand dunes that are close to a source, but they never discuss airborne transport or identify possible nearby sources for the Coconino.70

			Dolomite, Marine Minerals, and Angular Feldspar

			The Charge: Dolomite, marine minerals, ooids, and angular feldspar have been found in the Coconino, indicating a marine depositional environment.71

			Response: Formations like the Coconino do not have neat, clean edges and are not made of just one type of sediment, even when their name (e.g., “sandstone”) suggests otherwise. Sediment from one depositional environment with an associated set of characteristics known as facies will transition to, or interfinger with, sediments of neighboring environments. This happened more than once to the Coconino with sea level changes and subsidence/uplift. It is not surprising that dolomite interfingers with northern parts of the Coconino, since the Coconino was surrounded by the sea on three sides at the time of deposition. As an aside, the mineral structure of dolomite requires it to form in time frames consistent with the geologic time scale in coastal and evaporative environments rather than after rapid and deep burial, which by itself argues against flood geology.72 Geologists realize that eolian sands in a shoreline area can be reworked in shallow sea waters.73 Indeed, Karl Krainer et al. found marine microfossils (forams) in a Coconino equivalent to the east known as the Glorieta Sandstone and concluded that the eolian sands were reworked in a shallow marine setting.74 This does not mean the entire Glorieta was marine; rather, it indicates that some parts of it are eolian and some are marine.

			Ooids form when small nuclei like sand grains are coated with concentric layers of calcite or other minerals. This happens in strong currents or agitated water with high saturation levels of calcium bicarbonate, such as those at a tropical beach. Flood geologists argue that eolian transport “is difficult to envisage bearing in mind the fragility of these ooids.”75 However, the ooids found by flood geologists were in the top part of the Coconino and north of the Colorado River. Both flood and conventional geologists acknowledge that the Coconino is overlain by a marine deposit—the Toroweap Formation. Flood geologists acknowledge that the Toroweap interfingers with northern parts of the Coconino, but ignore the impacts that the sea would have as it advanced inland and reworked upper parts of the Coconino. Also, it has been observed that marine carbonate grains can be blown appreciable distances inland and the Coconino was never that far from the sea.76

			Flood geologists state that it is difficult to understand how angular K-feldspars could survive in an eolian environment without becoming rapidly rounded unless there was a nearby fluvial (stream) or bedrock source. They acknowledge that feldspar concentration is greater in northern parts of the Coconino. But then they fail to consider the possibility that sources existed close to the northern Coconino, such as deposits of sediment eroded from the Ancestral Rockies or even closer uplifts.

			Sand Grain Frosting

			The Charge: The frosting of sand grains in the Coconino did not occur by ballistic collisions of grains in an eolian environment as some have imagined.77

			Response: Flood geologists are correct that sand grain frosting was not caused by collisions. However, researchers have known for several decades that frosting has other causes. In 1962, Kuenen and Perdok stated that “frosting of quartz grains is thought to be due in minor degree to mechanical action (1) by wind and (2) by water, but mainly to chemical action (3) by corrosive solutions and (4) by alternate solution and deposition of matter, especially in desert areas.”78  In 1978, Robert Folk pointed out that in dunes of the Simpson Desert of Australia, silica is precipitated as scabby, “turtle-skin” crusts on sand grain surfaces, and is re-precipitated as water evaporates deeper within the dunes.79 The recycling of sands from earlier sedimentary rocks into the Coconino could also have played a role in the frosting process.

			Thickness

			The Charge: Modern sand dunes are not as thick as the Coconino, and the Coconino could not have been deposited in a slowly subsiding basin because it crosses through many ancient basins.80

			Response: The argument makes the unsupportable assumption that multiple basins could not form gradually in the same deep time frame. Differing crust characteristics on a regional or continental scale and sideways tectonic forces slowly deforming the crust could allow this to happen before and/or while the Coconino was deposited. Surveyed elevations and compiled regional stratigraphic data show that basins did indeed provide abundant space for Coconino sands to accumulate, especially south of an upward deformation in underlying rock known as the Sedona Arch (fig. 12).

			Sand Waves

			The Charge: Large sand waves comparable to those in the Coconino have been found in many marine settings.81 The Coconino was deposited by sand waves during the global flood “in a matter of a few days.”82

			Response: Flood geologists use several diagrams developed by conventional geologists which depict crossbed patterns that can be produced by under­water sand waves. However, they obscure the fact that depositing the Coconino by such normal ­processes would take at least hundreds of years.83 As described in the next section, depositing the Coconino in a matter of days would require the equivalent of regional-scale slabs of sand sliding in each day that were dozens of feet high—an impossible environment for sand wave formation.

			Is Aqueous Deposition the Same as Global Flood Deposition?

			Flood geology articles targeted for lay readers depict Coconino crossbeds as being formed by the washing of sand grains over the top of underwater dunes.84 Such normal sediment transport processes are known to produce underwater sand dunes, as shown in flood geology videos and presentations.85 But even if the previously discussed flood geology “charges” were correct, only normal underwater sediment transport processes would be indicated. Conventional geology accepts that many sedimentary formations were deposited in a variety of aqueous environments, but these involved plausible geomorphological processes—some gradual, some catastrophic—that are consistent with the continuity principle and laws of physics. Flood geologists must make an astronomical jump to equate normal water deposition to global flood deposition and then hope this will go unnoticed.

			The vast difference between normal water deposition and global flood deposition was addressed in my 2011 PSCF article. Deposition of the Coconino in a matter of days was shown to be the equivalent of thick sediment slabs advancing across a multi-state region each day. But flood geologists are not only arguing that the Coconino was deposited by the global flood. They also maintain that most of the continental sedimentary record was deposited in less than a year. Since the Coconino is part of the 150,000 square mile Colorado Plateau, this larger region can be used in another reality check. The layers in this plateau said to have been deposited by the flood average over three miles thick. This means about 480,000 cubic miles of sediment would have to be transported into the region in less than a year. This volume can be represented by a box that is 390 miles by 390 miles by 3.2 miles deep (fig. 13). The implications of what would be required to fill this enormous box with sediment in less than a year, as depicted in figure 13, are rarely considered. Note that subsequent late- or post-flood erosion of these layers is not being addressed here.

			Assuming flood sediments were instantly compacted and dewatered during deposition (this is obviously physically impossible for silts and clays), they would have to pile up in the plateau region at a rate of about 75 feet per day.86 Alternatively, the equivalent of a 75-foot-thick slab of sediment would have to slide in sideways at about 16 mph and cover the plateau each day. The time frames for flood sedimentation proposed by many flood geologists require even thicker “daily slabs.” With such astronomical transport rates, a global flood would not be able to produce sand waves and crossbeds, let alone a fantastically complicated global sedimentary record with innumerable facies changes, trace fossils, body fossils, and a host of other detailed features.

			When flood geologists argue that the Coconino is part of a much larger regional sand sheet covering all or parts of fourteen western US states,87 they make the sediment transport problem even worse. They provide maps and charts attempting to link dozens of different formations across these states. Obscured in this effort is the fact that these formations are not all linked in one “sheet” as implied and not all are pure “sandstones” that originated in the same depositional environment. Also, the larger the area, the more astronomical the lateral sediment transport rate must be to deposit the “flood layers” in that area during the flood year. It can be shown using simple math that each time the area of a region like the one in figure 13 is doubled, the sediment transport rate (volume/time per unit length of line crossed) required to fill it must increase by a factor of the square root of 2. Thus, what initially appears to be a solid argument for a global flood turns out to be an argument against it.

			Conclusion

			In the final analysis, deposition of the Coconino Sandstone by wind over a long period of time and not a one-year global flood is indicated by (1) the presence of wind ripples, even in places where flood geologists tried to use features to argue for aqueous deposition; (2) the presence of animal trackways which were clearly produced at numerous different levels and times in sediment exposed to the air; (3) the sharp boundary between the Coconino and underlying Hermit Formation at most locations, indicating that Hermit muds had at least multiple centuries to dewater, compact, and lithify before sands were added on top; and (4) the astronomical deposition rates that a global flood would require to deposit the entire Coconino in a matter of days, which would preclude existence of any kind of detailed features, including ripples, animal trackways, sand waves, and crossbeds.

			Some of the findings presented by flood geologists about the Coconino Sandstone may have the positive effect of spurring future researchers to collect more data and develop an improved hypothesis. However, in placing so much emphasis on refuting their critics and seeking to frame their data to support aqueous deposition, flood geologists missed opportunities to increase scientific understanding of the Coconino. In setting out to present data which they believe refutes their critics, flood geologists limit themselves to the older research tradition—cataloging features and characteristics. The newer approach in conventional geology distinguishes process from features and characteristics, seeking an understanding of how all the data fits together through processes known to operate in the real world (actualism). Thus, conventional geologists can accept that data obtained in formation A points to one or more aqueous processes and the data for neighboring formation B points to eolian processes. They then seek to develop a viable process-response model which explains how both could be true across a varied region over time. With flood geology, the predetermined goal is to persuade people that both formations A and B point to aqueous processes.

			Flood geologists’ Coconino Sandstone arguments may seem convincing at first to those unfamiliar with the earth sciences, but can be addressed after ­careful research of both flood and conventional geology sources. As exhibited by how results of the pickle jar experiment were characterized as “the mica disappears after two (or four) days,” flood geologists must shoehorn their findings into a mold shaped by their own narrative and leave out the data and explanations that do not fit. Christians are offered a false choice—either accept this approach as good science or you “don’t evidently believe God’s Word is true.”88 Perhaps it is time to consider that God operated over long eons of time in ways that are more difficult to comprehend than explanations supposedly required by so-called “literal interpretations” of the Bible. 

			The young-earth ministries have become very proficient at using articles, videos, and presentations to frame features like the Coconino Sandstone in ways that convince Christians who are unfamiliar with the complexities of geology, that science really supports a global flood. Many Christians have unwittingly accepted the idea that it is just a matter of “same data, different conclusions” or “there are PhD scientists on both sides of the issue.” What gets lost when trying to shoehorn the observational evidence to support a young earth is that the Christian faith, and the overwhelming consensus among geologists that the earth is very ancient, are both true.
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			Figure 1. Coconino Sandstone in the Grand Canyon. Photo by W. Tyson Joye, courtesy Grand Canyon National Park; inset by Tim Helble.
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			Figure 2. Western part of Pangea during the early Permian, 280 million years ago, representing conditions 275–282 million years ago, just before the main part of the Coconino was deposited. Note the boundaries of South American and African countries in the lower right portion of the map. Paleogeographic map by Ron Blakey ©Colorado Plateau Geosystems, Inc., License #90922.
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			Figure 3. Distribution of zircon ages (Ma, or millions of years ago) from Coconino samples at two locations. The unlabeled vertical axis is a statistic indicating the frequency of zircons found at various ages: the higher the peak, the more zircons were found of that age. Bar at the far left, bottom, indicates the estimated age of the Coconino. Modified from Gehrels et al., 2011.
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			Figure 4. Compilation of 214 crossbed dips measured by flood geologists in the Coconino Sandstone. Modified from Whitmore and Garner (2018).
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			Figure 5. Eolian crossbeds exposed in a pit dug into the Algodones Dunes, California, showing that all beds are not near 33°. Note shovel handle on the left and wind ripples at the surface (see next section). Photo by John S. Shelton, courtesy University of Washington Special Collections.
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			Figure 6.	(Top) Coconino Sandstone slab with wind ripples (and a few footprints). Courtesy Science Museum of Minnesota. (Bottom) High-index wind ripples compared to low-index water ripples. Based on Pye and Tsoar, 1990.
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			Figure 7. Contact between the Coconino Sandstone (top) and the Hermit Formation (bottom), showing where sand was injected several meters downward into a crack in the Hermit. Photo by Tim Helble.
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			Figure 9. Raindrop imprints on a Coconino specimen, most visible in the troughs of wind ripples. Courtesy Science Museum of Minnesota.
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			Figure 8. Coconino specimen RAM 244 with numerous, deep footprints traveling in multiple directions. Photo by Tim Helble, courtesy Raymond Alf Museum.
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			Figure 10. (Top) Contorted beds within the middle crossbed set of Lizard Head. The horizontal pseudo beds below the contorted beds are right in the middle of the photo. 
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			(Bottom) High index wind ripples on the underside of Lizard Head, indicating that the lower crossbed set was deposited by wind processes, not water. Note how more “sheets” of laminae have fallen away near the tip, but all layers have wind ripples. Photos courtesy Gerald Bryant.
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			Figure 11. Saharan dust plume over the Atlantic Ocean. Courtesy NASA.
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			Figure 12. Northwest-southeast cross section of Permian formations in northern Arizona. Courtesy Ron Blakey.
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			Figure 13. Schematic representation of Colorado Plateau sedimentation by the global flood. A: Situation at start of flood showing pre-flood sediment accumulations totaling 480,000 cubic miles located immediately “upstream” from the empty “box” where they will be deposited as the Colorado Plateau. Different shades (colors) represent discrete types of sediment that will be deposited in different layers. All sediment will have to pass through the left side of the box. B: Situation after deposition of 480,000 cubic miles of Colorado Plateau layers (before erosion).
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Flood Geology and Conventional
Geology Face Off over the
Coconino Sandstone

Timotly Helble

Flood geologists lave been using the Coconino Sandstone in the Grand Canyon to
argue that a global flood reworked nuch of the planetary geologic record. Flood geolo-
gists” arguments may seent convincing at first, but after analyzing their articles and
videos as well as the conventional geology literature, it is found that the Coconino
does not support a global flood. Flood geologists have been largely directing their
efforts toward refuting generalized statements from critics in the popular science
literature. By placing so much emphasis on finding data that could be used to refitte
critics, opportin. were missed to increase scientific understanding of the Coconino.
Flood geologists’ findings were consistently framed to argue for aqueous deposition,
which they implicitly equate to global flood deposition. It is shown that an astronomi-
cal difference exists between the two.

Keywords: Coconino Sandstone, global flood, flood geology, aqueous, eolian dunes, crossbeds,
fossil trackways, mica, parabolic recumbent folds

Sandstone in the Grand Canyon

(fig. 1) became a major cause of flood
geologists —young earth creationists who
hold that a one-year global flood depos-
ited most of Earth’s sedimentary record.
To understand why this happened, it is
useful to review a little history. In 1934,
noted Grand Canyon geologist Edwin D.
McKee concluded that the Coconino
Sandstone was the product of winds in a
desert dune environment.! This view that
the Coconino formed in a wind-driven or
colian environment soon became the con-
sensus view of geologists.

I n the past few decades, the Coconino

Flood geologists argue that the horizon-
tal layers of the Grand Canyon were
deposited by a global flood, and they
acknowledge that an eolian layer in the
middle of it all poses a problem for their
view. But rather than being a response
to the consensus view, flood geologists’

Timothy Helble (M, University of Arizona) is a retired lydologist. He
is one of the authors and editors for The Grand Canyon, Monument to an
Ancient Earth: Can Noal's Flood Explain the Grand Canyon? (Grand
Rapids, MI: Kregel, 2016)

86

emphasis on the Coconino was more a
reaction to statements by several critics
of flood geology in videos and the popu-
lar science literature. These critics cited
the Coconino as an eolian deposit that
clearly invalidates a global flood. Flood
geologists viewed these critics” state-
ments as an effort to discredit the Bible.

Flood geologists therefore set out to
prove that the Coconino was deposited
by water. They published numerous
papers on the Coconino in both young
earth creationist and conventional geol-
ogy journals, featured it prominently
in the Is Genesis History? movies, and
addressed it in several videos. In these
media, flood geologists levied several
“charges” against the conventional geol-
ogy view, stating that their data “will be
difficult for our critics to counter.”? These
efforts were anticipated in my 2011 PSCF
article “Sediment Transport and the
Coconino Sandstone: A Reality Check on
Flood Geology”:

Flood geologists are currently in-

volved in multiyear activity known as

Perspectives on Science and Christian Faith
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