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14.   Post-impact Lake and Volcanic Ash Deposits ❖❖❖ 
 
 
 Barringer (1905) recognized ~70 ft of lake sediments on the crater floor and reported they contained 
fresh-water shells and microscopic organisms with siliceous skeletons.  Sketchy reports of the lake 
sediments were included in several other papers about the crater (e.g., Tilghman, 1905; Fairchild, 1907; 
Merrill, 1908; Barringer, 1910, 1914; and Jakosky et al., 1932), including the work of Shoemaker (1960), 
who incorporated them in his cross-section of the crater (Fig. 4.5).   
 
 The lake sediments indicate climatic conditions were wetter at some point in the past and potentially 
at the time of the impact.  Today the water table is far below the crater floor.  In the well for the museum 
complex, the water table is 186 m deep, which places it about 183 m beneath the average pre-impact 
surface.  Based largely on the presence of lake sediments, Shoemaker and Kieffer (1974) estimated the 
water table was about 30 m higher at the time of impact, arguing further that the impact occurred during a 
pluvial period in the late Pleistocene. 
 
 They made two important observations: the lake sediments are deposited directly on the fall-out 
debris unit without any intervening alluvium; and there is a concentration of fragile, pumiceous 
lechatelierite in those basal lake sediments, as if it floated before being buried.  They concluded the lake 
must have formed immediately after impact (Fig. 14.1).  Roddy (1978) concurred, suggesting the water 
table may have been as much as 43 m higher than it is today to generate a 10 m deep lake.  This puts the 
water table well up into the walls of Coconino and one can envision a ring of artesian-fed springs or 
waterfalls around the crater.  These springs and the lake they created produced a new habitat in the 
region.  They may have also begun to dissect impact breccias on the crater walls.  The lake sediments are 
continuous laterally across the crater floor based on exploration shafts and drilling.  They also are 
stratigraphically continuous, with breaks only composed of volcanic ash.  The lake eventually 
disappeared as climatic conditions became arid and the water table fell.  A series of playa deposits were 
produced during the transition. 
 
 I suspect these lake sediments may provide one of the best climatic records on the Colorado Plateau 
for the late Pleistocene, at least from the time the impact occurred (~50 ka) until the lake disappeared 
(~11 ka).  For that reason, efforts are underway to restore access to the lake sediments in the two 
surviving shafts in the crater floor (Fig. 14.2).  Access will permit detailed sampling of macro- and 
micro-fauna and the rich stable isotope record that those types of specimens can provide. 
 
 One of the most interesting reports was generated by Reger and Batchhelder (1971) who re-
examined the collection of fossils that Holsinger made for Barringer.  They identified the species of 
mollusks in two shafts (#1 and #3), a pit and cut near Silica Hill, and drill hole number 28.  They 
separated the mollusks into groups that inhabit terrestrial, fluctuating water, and perennial water 
environments.  Mollusks that favor perennial water habitats were found at all stratigraphic depths, 
including the deepest level analyzed (73 ft in Shaft #3).   
 
 Another interesting report, albeit brief (3 paragraphs), was written by Forester (1987).  He received 
a collection of lake sediments from Shoemaker, who is said to have collected them from the wall of one 
of the shafts.  Unfortunately, no details about sample depths or sample density were available in that 
report, nor did it say it say if more than one shaft was sampled.  Nonetheless, Forester tried to reconstruct 
the evolution of the lacustrine system based on available material.  The samples contain a diverse 
assemblage of ostracodes (19 species) and diatoms.  One sample also contained benthic foraminifera.  
Ostracodes are aquatic crustaceans with a hinged bivalve form.  Most ostracodes are very small (e.g., 0.5 
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to 1.5 mm) and calcified.  Diatoms are microscopic single-celled aquatic plants related to algae.  They 
secrete silica, which preserves their form.  Foraminifera are single-celled planktonic animals with a 
perforated calcified shell. 
 
 Forester suggests the earliest ostracodes are consistent with a saline lacustrine or spring 
environment, from which he infers the system was shallow.  The water freshened resulting in a truly 
freshwater lake that hosted ostracodes that prefer cold water.  He envisions the lake was fed by 
freshwater springs or seeps around the perimeter.  The next ostracode assemblage is dominated by 
species that only inhabit freshwater springs or seeps, from which he suggests the lake had evolved into a 
marsh.  This assemblage was eventually extinguished, when conditions became too arid to support any 
aquatic activity and, instead, transitioned to a dry playa environment.  
 
 When the first edition of this guidebook was published, I wrote that it was unfortunate that the 
sample suite was not tied to the stratigraphy of the lake sediments.  Taken at face value, the first 
assemblage suggests a lower water table than that inferred by Shoemaker and Kieffer (1974) and Roddy 
(1978).   It is also seemingly inconsistent with the observations of Reger and Batchhelder (1971).  In 
general, it seemed that only a small amount of data survived from previous fossil collections and that the 
documentation was poor.  Many samples were collected from dumps around the shafts and without 
reliable stratigraphic control.  That may have been true then, but I have since been able to recover a 
portion of the older evidence.  Fortunately, I was able to locate the retired USGS paleontologist, Rick 
Forester, who conducted his study of the lake sediment biota with J. Platt Bradbury.  He generously made 
time for a large number of questions.  He provided (personal communication, 2010) a tremendous 
number of details about his previous work and valuable insights that I want to share here.    
  
 The samples he analyzed were part of Shoemaker’s thesis collection from the walls of the shafts 
(collected by Shoemaker and F. M. Byers, January 25-30, 1958; Shoemaker’s field notes).  The samples 
contain ostracodes, green algae, rare diatoms, and, surprisingly, marine-type foraminifera that were 
possible because of the groundwater chemistry that emanating from spring mounds on the crater floor.  
Forester reported that the first waters to produce ostracodes also had marine solute abundances.  He 
interpreted that to mean, again, that the water was derived from below (groundwater that had interacted 
with target rocks), rather than being dominated by rain or surface water.  He went on to note that some of 
the ostracodes are similar to those associated with boreal forests.  They suggest a cold, wetter, glacial 
period.  There seems to be climate variations recorded in the lake sediments. 
 
 Three internal USGS reports were prepared and submitted to David Roddy and Gene Shoemaker.  
Wright Horton (USGS-Reston) and Bruce Wardlaw (also with the USGS) kindly located those reports for 
me and gave me permission to publish the findings as long as the reports’ authors are credited:  Bradbury 
and Forrester (1983) analyzed Quaternary diatoms and ostracodes; Forester (1983) analyzed Quaternary-
late Pleistocene ostracodes and charophytes; and Bradbury (1983) analyzed Pleistocene diatoms.  The 
assemblages derived from each of the crater floor shafts differ, suggesting that several different aquatic 
centers or zones existed simultaneously on the crater floor.  The assemblages also differ stratigraphically, 
recording environmental changes as a function of time.  Table 14.1 collates the data in those three reports 
with the sample depths recorded by Shoemaker in his field notes. 
 
 There appear to be three basic diatom assemblages.  (1) A low-diversity assemblage dominated by 
species that are characteristic of fairly saline (probably ≥10o/oo) NaCl-rich water.  (2) A low- to medium-
diversity diatom assemblage suggestive of fresh to slightly brackish water that probably contained 
significant Ca, Mg, and HCO3, along with Na, Cl, and SO4.  Many of the organisms in this assemblage 
attach themselves to emergent and subemergent aquatic vascular plants in shallow water that was likely 
<5 m deep.  (3) A high-diversity assemblage that appears to be a mixture of (1) and (2).  It was unclear if 
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that meant both assemblages co-existed in the lake and were mixed during sediment deposition or 
whether they reflect mechanical mixing during sampling of the lacustrine strata.   
 
 The quality of the diatom data varied between the shafts, as did the environments they represented.  
The picture that emerged, however, involved several aquatic ecosystems.  Lake waters may have been 
stratified, with a basal saline layer covered with freshwater.  The amount of freshwater may have varied 
seasonally when rain fell.  Moreover, contributions from one or more springs, the largest being 
associated with Silica Hill, constantly fed the aquatic system.  There were probably several ponds around 
that spring during periods of low water levels, but an interconnected lake at other periods.  Variations in 
that system were driven, in part, by an evolving climate. 
 
 The record in the shafts may be extraordinarily rich, including a seasonal temporal record.  
Laminated samples in one area have a variable diatom content correlated with a red-white sediment 
couplet.  The white lamina is dominated by C. caspia, a planktonic diatom, that Bradbury inferred to be 
representative of a bloom of the species in response to a seasonal change in nutrients, light, and water 
chemistry.  A red lamina contains a greater diversity of diatoms, including those preferring fresher water, 
although saline species still dominate.  He suggested that mix of fresh water and saline diatoms may have 
been produced by a seasonal influx of fresh water.  He went on to suggest that spring water from Silica 
Hill, the dominant source of water in the crater, had a constantly fresher chemistry than the ponds or 
shallow lakes that occurred nearer the crater center.  Furthermore, he suggested that seasonal rains 
freshened the aquatic ecosystems and delivered nutrients that catalyzed the diatom blooms seen in the 
white laminae.  Bradbury described a sample of flaggy, siliceous limestone from the top of Silica Hill 
with plant impressions of what he interpreted to be emergent plants such as Scirpus or grasses, and flow-
like structures indicative of a spring mound environment. 
 
 Forester, who studied the ostracodes, was surprised at the number of species in the aquatic system, 
writing that there “are 19 ostracode species in these sediments, which is at least 17 more species than I 
would have expected to find in this setting.”  He identified four assemblages and three general types of 
environments:  (1) fresh Ca-Mg-HCO3 springs with moderate and variable quantities of Na-SO4-Cl; (2) a 
permanent, slightly to moderately-saline, Na-Cl-(SO4) lake; and (3) a fresh Ca-Mg-HCO3-SO4 lake or 
pond.  The species involved in those assemblages and the variation in those assemblages as a function of 
time.  Furthermore, the strata in the shafts, located in different areas of the crater, also represented 
different aquatic environments.  The chronological pattern he inferred began with an ephemeral-dry 
environment (seen in shaft #2, which seems to be consistent with a pollen analysis; see Chapter 13), and, 
elsewhere the evolution of a spring environment that had seasonably variable salinity and solute 
compositions, a stratified Na-Cl lake, and a freshwater lake or pond, followed, again, with a seasonably 
variable environment at the end of the lacustrine period that gave way to a dry eolian environment.    
  
 He correlated that sequence with sequences in other Southwestern lakes.  Based on the calibrated 
chronology of those lakes, he suggested the crater was older than 25 ka, that the transition to the Na-Cl 
lake occurred roughly 20 ka, transitioning to a final lacustrine period about 14 to 15 ka.  Those ages, I 
suspect, could be further refined based on the large amount of work that has occurred in biostratigraphy 
over the past 35 years.   
 
 Forester’s collection of samples survives, and I have been given detailed stratigraphic logs of all 
species previously identified in the crater floor shafts.  We hope to use modern techniques (e.g., micro-
analytical stable isotope analyses) to further evaluate the biota and their record of post-impact 
environmental conditions in the vicinity of the crater. 
 
  



 
David A. Kring (2017)       LPI Contribution No.2040 134 

 Because of uncertainties involved in existing data and the importance of the issues involved, a new 
set of samples with good stratigraphic control might further illuminate the climatic changes recorded in 
the crater.  Any new sampling will be coordinated with a large number of investigators to ensure that all 
fauna and flora in the samples studied are integrated together to provide the best environmental and 
climatic reconstruction possible.  A nascent team has been assembled, but we are still trying to secure 
funds to re-crib Shaft #2 and the Main Shaft so that the appropriate samples can be collected.  In parallel, 
we are also considering a new drilling campaign on the crater floor. 
 
 While the community’s studies of Barringer Meteorite Crater are often focused on impact cratering 
processes, the presence of fossil-bearing lacustrine sediments vividly shows that the crater is also an 
important site for astrobiological studies.  The crater provided a rich array of niches for life that changed 
over time in ways that may better inform us of the possibility of biological niches on other planets, such 
as Mars.  This is an area of study still being developed at the crater and one that will likely grow in the 
future. 
 
 Important components of the lacustrine fill are interbedded strata of volcanic ash (Fig. 14.2) that 
were deposited following pyroclastic eruptions in the nearby volcanic field.  Shoemaker and Kieffer 
(1974) drew attention to multiple ash layers.  Two layers attributed to the 0.9 ka Sunset Volcanic Crater 
eruption occur 0.3 m (1 ft) deep in playa sediments.  They also described a series of three ash beds ~5 m 
(15 to 18 ft) deep that they suggested might be a deposit from the Saddle Mountain eruption, which is 
now thought to have erupted ~17 ka.   More recently, the age of the Merriam eruption was revised 
downward from ~150 ka (Moore and Wolfe, 1987) to ~20 ka (Duffield et al., 2006), so it is a potential 
source too.  The petrology and, importantly, geochronology of ash in the lake sediment sequence are 
currently being studied. 
 
 While conducting a survey of gullies in the crater wall (Chapter 15), Alan Howard, Marisa Palucis, 
Bill Dietrich, Kuni Nishiizumi, and I discovered a ≥86 cm-thick deposit with volcanic ash beneath a layer 
of colluvium on the south-southwest portion of the crater floor (Fig. 14.3 and 14.4).  The ash must have 
been redistributed by eolian processes and also modified by erosional and sedimentation processes 
associated with the crater wall.  In outcrop, the deposits are horizontally laminated (Fig. 14.3 and 14.4) 
and interspersed with pebble-rich horizons of debris from the crater walls.  Microscopic examination 
(Altomare et al., 2014) indicates volcanic ash is also mixed with sedimentary particles of quartz, 
hematite-cemented quartz siltstone, quartz-sand-bearing carbonate, and micritic carbonate (Fig. 14.5); 
that is, particles from the Moenkopi, Kaibab, and potentially Coconino strata in the crater wall.   
 
 The volcanic particles have both glassy vesicular and microcrystalline textures (Altomare et al., 
2014).  Phenocrysts include olivine, plagioclase, and clinopyroxene (Fig. 14.6).  The olivine phenocrysts 
are also normally zoned.  Potentially, the compositions of those phenocrysts can be used to identify the 
source vent. 
 
 The ash was deposited after the lake dried up circa 10 to 13 ka.  Vents in the area with younger ages 
are Sunset Crater at 0.9 ka, potentially SP Crater, although it has a disputed age ranging from nearly 6 ka 
to ~72 ka (Fig. 14.7); the older age is more likely (Fenton et al., 2013).  Saddle Mountain, which has an 
age of ~17 ka, could be a source of an ash layer interbedded with lake sediments beneath the current 
crater floor level, as previously surmised by Shoemaker and Kieffer (1974).  Likewise, Merriam Crater, 
which has an age of 20 ka, may be too old to be a primary source of ash on the dried up crater floor.  
Those older vents are, however, possible (albeit less likely) sources if their ash deposits were reworked 
and redistributed to the vicinity of Barringer Meteorite Crater.   
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 Of those source vents, the most likely source of the surface ash deposit is Sunset Crater and 
potentially SP, based on their ages, and West Sunset Mountain and Merriam Crater based on proximity.  
Sunset Crater is a cinder cone ~57 km from Barringer Meteorite Crater that formed after the impact and 
after the lake dried up.  The mineral compositions of Sunset Crater samples are identical to those found 
in the Meteor Crater deposit (Fig. 14.6).  Also, the mapped distribution of that vent’s ash covers ~315 
km2 and nearly reaches the edges of Flagstaff where layers of ash are up to 10 cm thick (Hooton et al., 
2001) (Fig. 14.8).  A thin layer of ash produced by the Sunset Crater eruption could have been deposited 
on the floor of Barringer Meteorite Crater and then reworked by winds.  Merriam Crater is closer, ~42 
km, and relatively young, ~20 ka (Duffield et al., 2006).  Because its age is older than that of Meteor 
Crater, if it was the source of the ash, then that would require reworking and secondary transport of its 
ash to Meteor Crater.   The mineral compositions of Merriam Crater ash are also similar to those found in 
the Meteor Crater deposit (Fig. 14.6).  The closest cinder cone to the crater is only 14 km south of the 
crater on West Sunset Mountain (Fig. 14.9).  Because it is older than the crater, with an estimated age 
from 3 to 9.3 Ma, that eruption cannot be a primary source of the ash.  However, its ash, like that at 
Merriam, could potentially have been reworked and blown to the crater.  Thus far, that vent has not been 
sampled and its potential as a candidate petrologically assessed. 
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Table 14.1.  Compiled sedimentary and paleontological logs of shafts in crater floor 

   Sample Sample # Notes 

Depth 
  

(ft) 
(EMS-#-

58) 
 

   Shaft I (or 
#1)  

 3.3-4.7 1 Calcareous sand with root casts; barren of diatoms.  Parallel study of ostracodes and charophytes revealed:  
Candona caudata, Cypridopsis vidua, Ilyocypris gibba, Potamocypris granulosa; plus snails, largely 
aquatic, bivalves, charophyte stems, carbonate coated plant stems 

4.7-4.9 2 Dark calcareous sandy silt with root casts.  Parallel study of ostracodes and charophytes revealed:  Candona 
caudata, Cypridopsis vidua, Potamocypris granulosa; plus Chara sp., snails, terrestrial and aquatic, and 
carbonate coated plant stems  

4.9-8.0 3 Brown calcareous sandy silt with snails (lymmmaea and gyralus).  Parallel study of ostracodes and 
charophytes revealed:  Candona caudata, Cypridopsis vidua, Potamocypris granulosa; plus snails, 
terrestrial and aquatic, and carbonate coated plant stems 

 3A Snails (lymmmaea and helisoma) 

8.0-9.4 4 Alternating beds of silt and marl; snails and ostracodes, very rare specimens of epithemia argus septae and 
corroded sponge spicules in situ samples of marl and silt.  Parallel study of ostracodes and charophytes 
revealed: Candona caudata, Cypridopsis vidua, Candona renoensis, Potamocypris granulosa; plus snails, 
largely aquatic, and carbonate coated plant stems 

9.4-11.0 5 Red silty sand.  Parallel study of ostracodes and charophytes revealed:  Potamocypris granulosa, Candona 
sp. indet. juveniles; plus snail shell fragments 

13.4-13.7 6 Basaltic ash 

   
Shaft II   

34.35 200 Volcanic ash 

85.8 108 Fine white silt and sand; BOD 

88.0-88.5 107 Fine whtte silt and sand, with melted glasss; BOD 

88.5-88.7 106 
White, fine sand and silt, slightly calcareous; BOD.  Note: rare individuals of navicula huefleri var. 
leptocephala were found in an earlier cut of this sample.  They may represent contaminants. 

 
106 

Sample is near the base of the Pleistocene lake bed sequence (per Bradbury and Forrester); a marl with rare 
occurrence of diatom Navicula heufleri var. leptocephala. 

88.7-95.5 105 Fine white sand; BOD 

100 104A Qd (breccia with Coconino, Kaibab, and Moenkopi) 

110 104 Qd (breccia with Coconino, Kaibab, and Moenkopi) 

126 103 Shattered blocks of Coconino 

126 103A Mostly fused Coconino 

134 102 Coconino fragments and powder 

141.3-148.5 101 Coconino sandstone block 
26 V 83-1 Spoils Fine, paper-like laminations in alternating red and white couplets; diatomite. 

  

Red lamina:  Scoliopleura peisonis (r), Anomoeoneis costata (c), Epithemia argus (c), Cyclotella caspia, 
Campylodiscus slypeus (c), Cocconeis placentula (r), Navicula oblonga, Nitzschia obtusa (c), Mastogloia 
braunii (r), Nitzschia denticula, Cyclotella bodanica, Amphora coffaeiformis (c), Synedra capitata, 
Denticula elegans, Cymbella pusilla, C. mexicana, Synedra ulna, Amphora veneta, sponge spicule. 

  

White lamina:  Anomoeoneis costata (c), Cyclotella caspia (dd), C. bodanica, Denticula elegans, Amphora 
coffaeiformis, Mastogloia braunii, Epithemia argus, Scoliopleura peisonis. 

26 V 83-2 Spoils Laminated marly diatomite with plant impressions:  Denticula elegans (a), Amphora coffaeiformis (d), A. 
arcus, A. commutata, Mastogloia smithii, Fragilaria brevistriata, Cymbella affinis, Scoliopleura peisonis, 
Epithemia argus (c), Navicula oblonga, Nizschia obtusa, cysts. 
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26 V 83-3 Spoils Thin-bedded marly diatomite:  Nitzshia obtusa (a), Cyclotella caspia (a), Scoliopleura peisonis (a), 
Epithemia argus (c), Navicula oblonga, Mastogloia braunii (c), Amphora arcus, Cyclotella bodanica, 
Compylodiscus clypeus, sponge spicule. 

   Shaft IV   

10.5-15.3 100A Vertebrate fossil; antelope fossil (not seen by Bradbury) 

 

100B Pinkish brown silt and fine sand with some weakly calcareous sediment pieces; BOD.  Parallel study of 
ostracodes and charophytes revealed:  Limnocythere friabilis, Candona caudata, Candona patzcuaro, 
Ilyocypris gibba, Heterocypris salinas, Cypridopsis vidua; plus snails, aquatic, carbonized plant stems, and 
gypsum 

 

100C  Fine white sand; BOD.  Parallel study of ostracodes and charophytes revealed:  Candona caudata, 
Limnocythere friabilis; plus carbonate coated plant stems 

15.3-21.0 99A 
White calcareous sand (Coconino ss?); common, well preserved diatoms:  Fragilaria brevistriata (d), 
Cymbella affinis, Navicula oblonga, Synedra capitata, Dentincula elegans.  Parallel study of ostracodes 
and charophytes revealed:  Candona candida, Candona acuminata, Candona paraohioensis, Limnocythere 
friabilis, Heterocypris incongruens, Potamocypris granulosa, Cypridopsis vidua, Cypricercus sp. indet. 
poorly preserved single valve; plus snails, aquatic, bivalves, carbonate coated plant stems, ooids, and 
carbonate grains 

 

99B Red silty sand; BOD.  Parallel study of ostracodes and charophytes revealed:  Limnocythere friabilis, 
Candona candida; plus snails, aquatic, carbonate grains, and red clastics 

 

99C Light red silty sand; BOD.  Parallel study of ostracodes and charophytes revealed:  Limnocythere friabilis, 
Candona accuminata, Candona paraohioensis, Candona patzcuaro, Candona candida, Potamocypris 
granulosa, Heterocypris incongruens; plus carbonate coated plant stems and red clastics 

21.0-21.3 98 Light buff diatomaceous marl; abundant diatoms, well preserved:  Fragilaria brevistriata (d), Denticula 
elegans, Anomoeoneis costata (c), Cymbella affinis(?), C. cymbiformis, C. cistula, Navicula oblonga (c), 
Cyclotella caspia (c), Amphora coffaieformis, Cyclotella sp., Synedra capitata, Synedra puchella, cysts, 
sponge spicules, Cocconeis placentula, Amphora ovalis; plus gypsum and snail shell fragments 

21.3 97 White marl with sharp contact to basaltic sand; abundant, fairly preserved diatoms, expecially at basalt 
contact:  Anomoeoneis costata (c), Cyclotella caspia (d) 

 97A Volcanic ash; scraps of basalt, silt (BOD), and diatomite: Anomoeoneis costata (d) 
21.5 96 White diatomaceous marl, powder and pieces; common, fairly preserved diatoms:  Anomoeoneis costata (c), 

Cyclotella caspia (d), Mastogloia braunii 
21.8 95 White, platy diatomaceous marl; abundant fairly preserved diatoms:  Anomoeoneis costata (d), Cyclotella 

caspia (dd), Navicula subinflatoides (o), Cymbella pusilla, Scoliopleura(?) 
22.4 94 White, laminated diatomaceous marl; abundant fairly preserved diatoms:  Cyclotella caspia (d), 

Anomoeoneis costata (c), Entomoneis alata 
22.7 93 White, homogeneous, marly claystone; rare, fairly preserved diatoms:  Navicula oblonga, Anomoeoneis 

costata 
23.3 92 

White powdery marl and marly pieces of diatomite; abundant, well preserved diatoms:  Amphora 
coffaeiformis, Anomoeoneis costata, Cymbella pusilla (a), Cyclotella caspia, Syndera tabulata(?), 
Fragilaria brevistriata, Nitzschia frustulum.  The marly diatomite pieces are dominated by Fragilaria 
brevistriata, F. construens var. venter, and Anomoeoneis costata.  They also contain Cyclotella caspia (a), 
Fragilaria construens var. subsalina, Nitzschia obtusa, Navicula rhynchocephala, and Epithermia argus. 

23.5 91 White, rock-like limestone or marl, MnO stains, accicular crystals of CaCO3; BOD 
23.6 90 White calcareous sand; BOD 
25.6 89 Light tan-orange silt; BOD 
25.7 88 Hard, laminated sandy marl; occasional poorly preserved diatoms:  Anomoeoneis sp. zsl (d) 
26.2 87 White, noncalcareous sandstone; BOD 

26.4-28.5 86 White, clayey, gypsiferous marl, acicular crystals CaCO3; BOD 
28.5-28.6 85 Light tan calcareous sand; BOD 
28.6-30.2 84 White crusty granular marl; occasional poorly preserved diatoms: Entomoneis alata, Amphora 

coffaeiformis.  Parallel study of ostracodes and charophytes revealed:  Heterocypris incongruens; plus 
Chara sp. abundant and carbonate coated plant stems 

30.2-31.7 83 Light brown sandy marl; BOD 
 83A Fossilized monocot stem (Scirpus perhaps) and gypsum crystals 
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31.7-32.4 82 Buff powdery marl; BOD; carbonate coated plant stems and snail shell fragments 
32.4-33.5 81 

Buff marl; very rare, poorly preserved diatoms:  Denticula elegans.  Parallel study of ostracodes and 
charophytes revealed:  Limnocythere friabilis, Heterocypris incongruens; plus carbonate coated plant stems 

33.5-39.3 80 

Buff granular marl, accicular crystals of CaCO3; abundant, well-preserved diatoms:  Fragilaria brevistriata 
(d), Navicula oblonga (c), Campylodiscus clypeus, Epithemia argus, Anomoeoneis sp. zlc, Denticula 
elegans, Apithemia turgida, Cymbella affinis, Mastogloia aguilegiue, pinnularia microstanron.  Parallel 
study of ostracodes and charophytes revealed:  Candona acuminata, Limnocythere friabilis, Heterocypris 
incongruens; plus snails, aquatic and terrestrial, and carbonate coated plant stems 

   Shaft V 

  6.4-8.8 39 
White marl and fine to medium sand.  Abundant, well-preserved diatoms: Fragilaria brevistriata (d), 
Fragilaria construens var. venter (c), Navicula oblonga (c).  Parallel study of ostracodes and charophytes 
revealed: Candona caudata, Cypridopsis vidua, Sarscypridoposis aculeata, Heterocypris incongruens, 
Potamocypris unidcaudata, Potamocypris granulosa, Candona albicans; plus snails, aquatic, carbonate 
coated plant stems, and carbonate grains 

8.8-9.1 38 Reddish tan crusty marl: BOD.  Parallel study of ostracodes and charophytes revealed:  Heterocypris 
incongruens; plus snails, aquatic, and carbonate grains 

9.1-10.2 37 
White marl, well-preserved diatoms: Epithemia argus (c), Denticula elegans (c), Navicula oblonga (r), 
Fragilaria brevistriata, Cocconeis placentula, Rhopalodia gibberula, Mastogloia smithii, Nitzschia 
frustulum, Nitzschia denticula, Chaetoceras, Amphora sp., sponge.  Parallel study of ostracodes and 
charophytes revealed:  Heterocypris incongruens, Cypridopsis vidua, Limnocythere friabilis; plus snails, 
aquatic, carbonate coated plant stems, and mite 

10.2-11.6 36 Grey-tan, platy marly silt and tufa.  Abundant well-preserved diatoms: Anomoeoneis costata (d), 
Chaetoceras (o), and Rhopalodia gibberula (c) 

11.6-11.7 35 White-tan, finely bedded, aragonitic(?) marl with gypsum crystals.  Sharp contact with basaltic sand; the 
contact lamination (only) diatomaceous: Anomoeoneis costata, poorly preserved 

11.7-11.9 34 White diatomaceous sandy marl: Anomoeoneis costata (c), Cymbella pusilla, Chaetoceras, Nitzschia 
frustulum 

11.9-12.1 33 Light orange calcareous sand; BOD 
12.1-13.2 32 Tan crusty marl with plant stem molds; BOD 
13.2-13.9 31 White marly diatomite; Nitzschia obtusa, Anomoeoneis sp. zsl. (a-d), Cymbella pusilla, Anomoeoneis 

costata 
13.9-14.6 30 

Aragonitic(?) marl and layers of felty diatomite, white; Nitzschia obtusa (d), Cyclotella caspia (d), 
Anomoeonis sp. zsl., Mastogloia braunii, Cymbella pusilla, Anomoeoneis costata, Mastogloia aquilegiae? 

14.6-14.9 29 White powdery aragonitic(?) marl and fragments of grey silt, some fine bedding; essentially BOD, fragment 
of Anomoeoneis costata 

14.9-15.2 28 
White calcareous claystone, rare, poorly preserved diatoms:  Cyclotella caspia (d), Anomoeoneis costata (o) 

15.2-15.9 27 Tan, finely bedded marl; very poorly preserved diatoms: Anomoeoneis costata, corroded Entomoneis alata 
(d) in white layers 

15.9-16.5 26 Orange fine calcareous (acicular CaCO3 crystals) sand: BOD; mollusk shell fragments 
16.5-16.6 25 Tan crumbly, platy marl with plant stem molds; poorly preserved diatoms: Cyclotella caspia (d), 

Rhopalodia gibberula (r), and Anomoeoneis costata (r) in gray laminae 
16.6-16.9 24 Tan thin bedded gypsiferous marl, acicular crystals of CaCO3, plant stem molds: BOD 

16.9-17.15 23 Orange-tan calcareous sand, acicular CaCO3 crystals: BOD; carbonate coated plant stems 
17.15-17.2 22 Tan granular marl, acicular crystals: BOD 
17.2-17.55 21 White marly claystone, thin bedded, gypsiferous: BOD 
17.55-17.6 20 Tan fine sand: BOD 
17.6-18.2 19 White marly claystone, thin bedded, gypsiferous: BOD 

18.2-18.45 18 Light tan marl with acicular crystals of CaCO3 and plant stem molds: BOD.  Parallel study of ostracodes 
and charophytes revealed:  Limnocythere friabilis, Heterocypris incongruens(?) juveniles 

18.45-18.6 17 White marl: BOD 
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18.6-19.6 16 Yellowish silty sand, root casts an daccicular CaCO3 crystals: BOD 

19.6-20.7 15 Red sandy silt, weakly calcareous; BOD 

20.7-21.1 14 Light reddish brown silty sand, calcareous; BOD; snail shell fragments 

21.1-22.2 13 Reddish calcareous silty sand: BOD; carbonate coated plant stems 
22.2-24.1 12 Tan calcareous silty sand; BOD.  Parallel study of ostracodes and charophytes revealed:  Canadona sp. 

indet. internal mold; plus snail shell fragments and carbonate coated plant stems 

24.1-26.0 11 Tan calcareous sand; BOD; carbonate coated plant stems 
26.0-27.9 10 

Granular sandy marl with plant stems; BOD.  Sample from near the top of the Pleistocene lake bed sequence 
(per Bradbury and Forrester); sample is a marl with abundant calcified molds of monocotyledenous plant 
stems, like Scirpus juncus or related plants in the family Cyperaceae.  Also contains ostracodes; Candona 
sp. cf. C. elliptica.  Parallel study of ostracodes and charophytes revealed:  Candona sp. indet., valve 
fragments; plus snail shell fragments and carbonate coated plant stems 

27.9-28.9 9 Tan calcareous sand; BOD; snail shell fragments and carbonate coated plant stems 
28.9-31.6 8 (upper half) Light reddish brown calcareous sandy silt; BOD.  Parallel study of ostracodes and charophytes 

revealed:  Candona sp. indet. juveniles; plus snails, largely terrestrial, and carbonate coated plant stems 

 7 (lower half) Light tan marl, powdery, BOD.  Parallel study of ostracodes and charophytes revealed:  
Heterocypris incongruens, Cypridopsis vidua, Limnocythere friabilis, Candona acuminata; plus snails, 
largely aquatic, and carbonate coated plant stems 

   Shaft VI 

  0 79 Buff, granular marl, few plant stem molds; BOD.  Sample is from an intermediate level of Pleistocene lake 
bed sequence (per Bradbury and Forrester); sample is a marl with plant stem fragments that are presumably 
of the family Cyperaceae. 

0.7 78 Buff, granular marl with many plant stem molds: BOD; gypsum 

1.7 77 White, marly clay, acicular CaCO3 crystals: BOD 

2.1 76 White, thin bedded or banded marly clay with root poors; BOD 
2.4 75 Granular, crusty marl, plant stem molds, acicular CaCO3 crystals; BOD; carbonate coated plant stems 

2.8 74 Red-orange rocky colluvium; BOD 

4.2 73 Dark red medium sand; BOD; rare, abraided carbonate coated plant stems 

5.4 72 Rocky reddish sand; BOD; rare, abraided carbonate coated plant stems 

6.5 71 Dark red coarse sand; BOD; rare, abraided carbonate coated plant stems 

7.5 70 Reddish gravelly sand; BOD; rare, abraided carbonate coated plant stems 

9.1 69 Reddish calcareous sand; BOD; rare, abraided carbonate coated plant stems 
9.3 68 Buff, granular sandy marl with plant stem molds; BOD; snails, terrestrial, and carbonate coated plant stems 

9.6 67 Reddish, marly sandy silt; BOD; rare, abraided carbonate coated plant stems 
10 66 Crusty, granular marl with plant stem molds; BOD. Parallel study of ostracodes revealed: Heterocyptis 

incongruens, plus carbonate coated plant stems 

10.9 65 Buff calcareous sand; BOD 
11.1 64 Light buff sandy marl; BOD.  Parallel study of ostracodes revealed: Heterocyptis incongruens, plus 

carbonate coated plant stems and carbonate grains 
11.3 63 Buff sandy marl with plant stem molds; BOD.  Parallel study of ostracodes and charophytes revealed:  

Heterocypris incongruens, Cypridopsis vidua, Candona acuminata, Limnocythere staplini; plus Char sp., 
carbonate coated plant stems, snails, aquatic, gypsum, and ooids 

12.6 62 White powdery marl with plant stem molds; BOD.  Parallel study of ostracodes and charophytes revealed:  
Heterocypris incongruens, Cypridopsis vidua, Candona acuminata, Limnocythere friabilis; plus snails, 
aquatic, carbonate coated plant stems, and ooids 

13.3 61 Buff sandy marl; BOD 

14.4 60 Reddish sand; BOD 
14.8 59 Buff calcareous sand; BOD.  Parallel study of ostracodes and charophytes revealed:  Heterocypris 

incongruens, Limnocythere friabilis; plus snails, aquatic, carbonate coated plant stems, and charophyte 
stems 
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15.9 58 Buff calcareous sand; BOD; snail shell fragments and gypsum 

16.1 57 Buff silty marl; BOD; gypsum 
17 56 Buff, fine granular marl and sand; BOD; snails, terrestrial, and carbonate coated plant stems 

17.5 55 White powdery marl; abundant, well-preserved diatoms:  Epithemia argus, Cymbella affinis (a), 
Campylodiscus clypeus (c), cysts, sponge spicules, Denticula elegans, Cyclotella caspia, Navicula oblonga, 
Synedra capitata(?), Fragilaria construens var. subsalina, Amphora commutata, A. coffaeiformis, 
Nitzschia amphibia.  Parallel study of ostracodes and charophytes revealed:  Heterocypris incongruens, 
Limnocythere friabilis; plus carbonate coated plant stems, gypsum, and ooids 

18.3 54 Light brown, silty to sandy marl; BOD; snail shell fragments and carbonate coated plant stems 

18.7 53 
Buff granular marl; BOD.  Parallel study of ostracodes and charophytes revealed:  Candona sp. indet. valve 
fragments; plus carbonate coated plant stems 

19.6 52 Reddish brown powdery marl; BOD.  Parallel study of ostracodes and charophytes revealed:  Candona sp. 
indet. valve fragments; plus carbonate coated plant stems and gypsum 

19.9 51 

White, powdery marl; common, poorly preserved diatoms:  Campyloidiscus clypeus, Denticula elegans (c), 
Fragilaria construens, Cymbella affinis (c), Mastogloia sp., Navicula oblonga, Synedra filiformis(?) (a), 
Anomoeoneis sp. zsl, Nitzschia amphibia, Cymbella pusilla, Epithemia argus.  Parallel study of ostracodes 
and charophytes revealed: Heterocypris incongruens, plus carbonate coated plant stems 

20.4 50 Tan granular marl with plant stem molds; common, poorly preserved diatoms:  Mastogloia sp. (fragment), 
Cyclotella caspia, Mastogloia smithii, Anomoeoneis costata, Nitzschia communis(?), Denticula elegans, 
Nitzschia frustulum, Amphora sp.; carbonate coated plant stems 

20.5 49 

White diatomaceous marl, common poorly preserved diatoms:  Denticula elegans (c), Epithemia argus (a), 
Navicula oblonga (c), Mastogloia smithii, Anomoeoneis costata, Amphora coffaeiformis, cysts, Nitzschia 
obtusa, Mastogloia elliptica, Cymbella affinis(?) (c), Pinnularia microcephala, Synedra sp.  Parallel study 
of ostracodes and charophytes revealed:  Candona acminata, Limnocythere friabilis, Heterocrypris 
incongruens, Potamocypris granulosa; plus snails, aquatic, carbonate coated plant stems, and gypsum 

21.3 48 
Light tan diatomaceous marl, abundant poorly preserved diatoms:  Mastogloia braunii, Nitzschia obtusa 
(a), Cyclotella caspia, Anomoeoneis costata, Fragilaria brevistriata, cysts, Campylodiscs clypeus, 
Denticula elegans, Epithemia argus, Nitzschia denticula, Amphora coffaeiformis, Cymbella pusilla, 
Mastogloia aquilegiae, Anomoeneis sp. zsl, Rhopalodia gibberula, Synedra filiformis(?) (a), Amphora 
commutata, Diploneis interrupta(?), Nitzschia accicularis, Navicula odiosa(?), N. graciloides.  Parallel 
study of ostracodes and charophytes revealed:  Heterocypris incongruens; plus carbonate coated plant stems 
and gypsum  

21.7 47 Tan, fine-grained, earthy marl; BOD; carbonate coated plant stems and gypsum 
21.8 46 Tan sandy marl, acicular crystals; BOD.  Parallel study of ostracodes and charophytes revealed:  Candona 

eriensis(?), Candona cf. C. acuminata, Limnocythere friabilis; plus snails, aquatic, and carbonate coated 
plant stems 

22.4 45 
Reddish tan diatomaceous marl; common diatoms, pooly preserved:  Nitzschia obtusa (r), Mastogloia 
smithii (o), M. elliptica (o), Amphora commutata (r), Amphora coffaeiformis (c), Amphora hyalina(?), A. 
arcus (a), Campylodiscus clypeus, Pinnularia abaujensis (r), Denticula elegans (r).  Parallel study of 
ostracodes and charophytes revealed: Heterocypris incongruens, plus carbonate coated plant stems and 
gypsum  

22.6 44 
Reddish tan sandy diatomaceous marl; abundant diatoms, fair preservation:  Amphora coffaeiformis (a), A. 
commutata, Nitzschia obtusa (a), Navicula oblonga (o), Nitzschia frustulum, Rhopalodia gibberula, 
Mastogloia smithii, Cymbella cymbiformis, Denticula elegans (c), cysts, Frgilaria brevistriata (r), 
Campylodiscus clypeus, Anomoeoneis costata, Bacillaria paradoxa, Amphora arcus.  Parallel study of 
ostracodes and charophytes revealed:  Heterocypris incongruens, Cypridopsis vidua; plus charophyte stems, 
carbonate coated plant stems, gypsum 

24.5 43 Reddish tan laminated diatomite, poor preservation:  Nitzschia obtusa (d), Epithemia argus, Anomoeoneis 
sp. zsl, cysts, Cyclotella caspia (c), Amphora coffaeiformis, Mastogloia smithii, Denticula elegans, 
Cymbella pusilla (c), Amphora commutata, Amphora arcus; plus carbonate coated plant stems 

25.3 42 Reddish tan marl + grey silty marl, rare, very poorly preserved diatoms:  Nitzschia lineris(?), Nitzschia sp., 
Rhopalodia gibberula;  BOD. 

25.5 41 Reddish tan marl, rare poorly preserved diatoms:  Amphora coffaeiformis (c), Nitzschia frustulum (c), 
Navicula subinflatoides (c), Nitzschia obtusa (r), Nitzschia linearis(?), Melosira sp.(?), Anomoeoneis 
costata; plus snails, terrestrial.  
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25.7 40 
Light tan powdery marl; diatomaceous: Mastogloia smithii, M. braunii, M. elliptica, Epithemia argus (c), 
Cymbella cymbiformis, Campylodiscus clypeus, Denticula elegans, Cyclotella caspia (a), Synedra ulna, 
Navicula oblonga, Cymbella pusilla, Anomoeoneis sp. zsl, Nitzschia obtusa, Nitzschia sp. spicules, cysts, 
Cyclotella quillensis, C. bodanica, Navicula salinarum, Amphora hyalina, Cocconeis placentula, Amphora 
ovalis.  Parallel study of ostracodes and charophytes revealed:  Candona acuminata, Candona eriensis(?), 
Cypridopsis vidua, Candona acutula(?); plus snails, aquatic, Chara sp., carbonate coated plant stems, 
carbonate grains, and Eliphidium sp. foram 

  
   

 
 
 
BOD = barren of diatoms 
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Fig. 14.1.  Ground water and precipitation partially filled the crater during the Late Pinedale of the latest 
Pleistocene, producing a crater lake.  Sediments deposited on the floor of the lake preserve fossil assemblages and 
horizons of volcanic ash.   
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Fig. 14.2.  The Science Shaft (shaft II or #2) contains an exquisitely preserved sequence, beginning with the 
breccia lens at the bottom, followed by mixed fallback debris and and lacustrine sediments deposited on the floor 
of the crater lake.  The contact between the fallback breccia (with Coconino, Kaibab, and Moenkopi debris) and 
first lucastrine strata are shown in the lower panel.  The lacustrine sediments are very finely laminated (middle 
panel) and may contain seasonal varves.  The lacustrine sediments are also interbedded with volcanic ash horizons 
(top panel).  I am trying to stabilize the shaft so that it can be a permanent teaching and research laboratory.  In the 
meantime, a consortium effort is underway to conduct a preliminary study of those materials.   
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Fig. 14.3.  A thick sequence of volcanic-ash-rich sediments is buried beneath colluvium in the south-southwest 
section of the crater floor, as indicated in map form (top left).  That map also indicates the location where 
Shoemaker described two thin layers of ash from the Sunset Volcanic Crater eruption.  A view of one of the 
outcrops is shown in the middle panel with five arrows pointing to exposures of ash and a 33-cm-long hammer for 
scale.   A close-up view of the sediments, which are affected by modern plants, is shown in the bottom panel with 
a 14-cm-long pencil for scale. 
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Fig. 14.4.  Several outcrops of ash-rich sediment buried beneath colluvium can be found in the south-southwest 
section of the crater floor (bottom panel), indicating the deposit covered a large portion of that part of the crater 
floor.  A 33-cm-long hammer is shown for scale.  That fine-grained sediment is sometimes mixed with pebbles and 
cobbles of rock (upper right) that likely fell from the crater walls.  A 14-cm-long pencil is shown for scale.  These 
sediments may be a grand analogue for basaltic eolian deposits on the floors of impact craters on Mars.  
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Fig. 14.5.  Volcanic particles are a major component of sands in the south-southwest portion of the crater floor.  
Microscopic views of two samples are shown here.  The top row is sample MC51211-1a in plane polarized light 
(left) and cross-polarized light (right).  The second row is sample MC51211-4a, also in plane- and cross-polarized 
light.  The volcanic particles are generally dark in plane-polarized light.  A backscattered electron image of several 
volcanic particles in MC51211-1a is shown on the bottom.  The volcanic particles are the brighter particles; 
phenocrysts of olivine and pyroxene are clearly visible in a particle in the right center of the image.  The medium 
gray particles in the field of view are dominated by quartz.  Scale bars in the plane- and cross-polarized light 
images are 200 microns and that in the backscattered electron image is 500 microns.  These samples were part of 
the study by Altomare et al. (2014). 
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Fig. 14.6.  Potentially, the phenocryst compositions in the volcanic particles within Meteor Crater can be used to 
determine the source vent.  In the top diagram, olivine compositions are plotted for (a) Meteor Crater samples, (b) 
Sunset Volcanic Crater samples, and (c) Merriam crater samples.  In the bottom diagram, pyroxene compositions 
are plotted for Meteor Crater samples, Sunset Volcanic Crater samples, Merriam Crater samples, and SP Crater 
samples.  The phenocryst compositions are similar, probably because all of the vents tapped the same magmatic 
source.  Thus, the phenocryst compositions are not a strong diagnostic tool in this case.  While the petrology of 
other potential vent sources is being done, qualitative and quantitative geochronology, which is also in progress, 
may be needed to identify the source vent for the volcanic particles in Meteor Crater.  Analyses by Caitlin 
Altomare and Amy Fagan, supplemented with literature sources in Altomare et al. (2014). 
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Fig. 14.7.  Volcanic vents that spewed ash during the last ~50 ka (after Barringer Meteorite Crater formed) are 
Sunset Crater at ~0.9 ka, Saddle Mountain at ~17 ka, Merriam Crater cinder cone complex at ~20 ka, and 
potentially SP Mountain, although the age of the latter is disputed with estimates ranging from a little under 6 ka 
to ~71 ka.  Of those vents, only Sunset Crater appears to have erupted after the lake in Meteor Crater dried up 
circa 10 to 13 ka.  Nearby vents (Merriam and West Sunset Mountain) have ages older than the impact event, but 
potentially could have provided ash if winds reworked those older deposits. 
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Fig. 14.8.  Isopachs of ash deposited by the Sunset Crater eruption ~0.9 ka have been mapped by Hooten and Ort 
(Hooten et al., 2001; Elson and Ort, 2003) down to a thickness of 10 cm at a location that is still ~35 km 
northwest of Barringer Meteorite Crater.  If Sunset Crater is the source of ash on the floor of Barringer Meteorite 
Crater, then eolian processes blew that and other sand-size particles into a thick deposit on the south-southwest 
side of the floor of Barringer Meteorite Crater. 
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Fig. 14.9.  The closest cinder cone to Barringer Meteorite Crater is ~14 km south on West Sunset Mountain.  It has 
an estimated age between 3 and 9.3 Ma (Weir et al., 1989), so it is not a likely primary source of ash in a crater 
only 50,000 years old.  However, it is possible ash from that cinder cone was remobilized and blown north into the 
crater.   Thus far, samples of that cinder cone and its ash deposits have not been collected and petrologically 
assessed.  
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