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Abstract 

The Cretaceous oyster, Ceratostreon texana, is a large (several cm length) oyster bivalved Mollusc 

found in rocks dated as Cretaceous: Albian (113 -1005 million) in Central Texas. An outcrop of the 

Keys Valley Marl Member of the Walnut Formation exposes a concentration of C. texana presenting 

as the dominant taxon in a paleo-community forming an Oyster Mass Occurrence (OMO), which are 

are reefy deposits of oysters especially dominant in the Mesozoic. The C. texana OMO studied is 

characterized by a lack of juvenile individuals, extensive anterior fracturing and extensive macro-

boring by other organisms. These indicators of extended time of dead shells on the seafloor pre-burial 

classify this OMO as an allobiostrome, formed largely of sedimentologic origin. 

 

 

1. Introduction 

Oyster Mass Occurrences (OMO’s) are reefy accumulations of oyster, bivalved Molluscs forming 

the dominant taxon in the paleo-community (Toscano et al., 2018; Toscano & Lazo, 2020), where 

this is particularly true of the Mesozoic Era, with oysters of the Family Gryphaeidae (Stenzel, 

1971). OMO’s of the ancient oysters are useful within the relatively new science of conservation 

paleobiology (Lockwood & Mann, 2019), whereby they model the origination, expansion, decline 

and extirpation of faunas at long time scales not available to the biologist (e.g. Powell et al., 2006). 

Ceratostreon texana, is one of several OMO-forming, oyster species within the Cretaceous strata 

of Central Texas. A temporary exposure of this OMO was collected to form the basis of this study. 

 

The Walnut Formation occurs in wide outcroppings throughout Central Texas (Moore, 1964) and 

is known as one of the most fossiliferous strata of the Cretaceous Period (Amsbury, 2002). Within 

the period, the formation is dated as part of the Albian Age (113 – 100.5 million years ago), and 

forms part of a second-order cycle of deposition (Mancini & Scott, 2006) dated more specifically 

as from about 108.2 to 104.0 million years ago (Scott et al., 2002). The Keys Valley Marl Member 

of the formation, in particular, is known for it’s dense concentrations of OMO’s (Flatt, 1976) of 

the species, Texigryphaea mucronata, with 1000’s km2 of mapped beds in both outcrop and 

subsurface. C. texana, though less abundant, is an important index fossil for the Walnut Fm. 

(Adkins & Winton, 1919), and forms local buildups, separate from those of T. mucronata (Moore, 

1964; Thompson, 1935). 

 

2. Methods 

UW-W Paleontology & Stratigraphy Location 1002 is a construction cut in the side of a small 

hillside in Killeen, Texas. The entire exposure is in the Walnut Formation, Keys Valley Marl 

Member. The 2.1 meters below the lowest Texigryphaea mucronata bed was sampled by 10  
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persons for a duration of 35 minutes, with instruction to recover everything that appeared to be 

organic in nature. The resulting collection was taken back to the UW-W labs where all fossil 

species were cleaned/prepped, sorted, identified and counted.  

 

The large oyster bivalve Mollusc, Ceratostreon texana, was the numerical dominant of the 

collection (Figure 1) and so was chosen as proxy for paleoecological exemplar for the whole fauna. 

As the larger, left valves were more abundant, they were segregated for special study. All 

specimens were measured for length, width and height, and then a geometric mean was calculated 

from those three (McChesney, 2016). Concurrently, left valves were examined for fractures and 

noted which quadrant of the shell they occurred. Finally, the presence of the 3 most common 

macro-boring trace fossils were noted and counted. All subsequent statistical analyses were 

performed using PAST software (Hammer et al., 2001). 

 

 
 

Figure 1: The oyster C. texana from UW-W Locality 1002, in the Keys Valley Marl Member of the Cretaceous 

Walnut Formation. Length and width measures shown as yellow bars (height measure not shown). Quadrants 

marked as 1, 2, 3 and 4 to record fracture locations. 

 
3. Results 

All measurement data for length, width and height of the left valves of C. texana are available in 

the Supplementary Data File. For the 341 specimens measured, all three measurements were 

positively correlated with each other (Table 1), and the mean of all geometric mean values was 

37.31mm. Standard Deviation was 9.08mm, producing a size frequency histogram of the data 

(Figure 2) with a skewness = -0.57 plus kurtosis = -0.11. Testing for normality with the Shapiro-

Wilk test, p = 8.49 x 10-7, or non-normal. The Grubbs test for significant outliers found none, so 

all data were used in the remaining analyses. Data were bootstrapped 10,000 times to generate 



95% confidence intervals around the mean of 36.34mm to 38.27mm. 

 

Table 1: Correlation metrics for all measurements. 

 Length x Width Length x Height Width x Height 

Pearson’s r 0.86595 0.68479 0.67711 

Spearman’s r 0.82754 0.65398 0.65184 

 
Figure 2: A) 3-d plot of length x width x height for C. texana. confirming species unity. B) Left skewed histogram 

of geometric means of C. texana showing absence of smallest size classes (juveniles). 

 

Fractures on fossil shells have been shown to be useful evidence for determination of ancient 

paleo-environmental conditions (Zuchsin et al., 2003). As a general rule, the more fractured a 

specimen, the longer it has been sitting on the seafloor pre-burial. For the C. texana specimens in 

this study, fractures were not recorded for almost a quarter (23.65%) of all specimens. For those 

specimens that had fractures (Figure 3), the quadrant having the most fractures was Q4 at 38.17%. 

This is the quadrant at the growing, anterior edge of the shell which would be most exposed on the 

substrate. Breakage could then be caused by physical-environmental factors in a higher-energy 

environment of the OMO, but could also represent potential predation attempts by durophagous 

organisms (LaBarbera, 1981). Either possible hypothesis requires exposure of the shell above the 

substrate. 

 
 

Figure 3: Relative abundance as percentage of fractures by shell quadrant. Among fractured shells, quadrants 3 and 

4 show most fractures.  



Patterson et al. (2020) present evidence for the ubiquity of macro-borings on modern to Pleistocene 

reef organisms that exist pre-burial on the seafloor, associated with the Great Barrier Reef of 

Australia. El-Hedeny et al. (2007) documented that this trend also holds true for Cretaceous oysters 

from Egypt. Macro-borings attributed to various organisms (Figure 4) were present on 199 of 341 

C. texana shells of this study, or 58.4%. Three specific macro-borings were recognized: Entobia 

sp. (made by Clionid sponges), Maeandropolydora sp. (made by polychaete worms) and 

Gastrochaenolites sp. (made by pholad, bivalved Molluscs. Of this number, 63.8% of the C. texana 

shells had macro-borings of only one type, so 36.1% had evidence of multiples. Entobia sp. is 

dominant among single and multiple bored shells. 

 

 
Figure 4: Analysis of macro-boring on C. texana. A) Entobia sp. encircled by green oval. B) Maeandropolydora sp. 

encircled by green oval. C) Gastrochaenolites sp. encircled by green oval. D) Relative abundance of macro-borings 

on shells. E) Relative abundance of macro-borings on shells that have multiple macro-borer species. 

 

4. Discussion and Conclusion 

Size-frequency data support the unity of all specimens as a single species, C. texana, but point to 

the absence of the smallest size classes (= the juveniles). This is strong evidence for the removal 

of the smallest individuals via some physical-environmental processes (Dodd et al., 1985). The 

combination of fractures plus extensive macro-boring is evidence of extended time on the seafloor 

substrate before burial. In summary, the data suggest that the paleo-population of C. texana at 

locality 1002 is biased taphonomically and thus inferences about paleoecology must be tentative. 

 

The Cretaceous C. texana accumulations are consistent with OMO’s of modern (Powell et al., 

2006) and Pleistocene oysters (Lockwood & Mann, 2019). OMO’s may be classified (Toscano et 



al., 2018) as being produced due to accumulation by original, biologic gregariousness (= 

autobiostrome) or or via sedimentologic origin (=allobiostrome). Contrary to numerous cases of 

autobiostrome OMO elsewhere in the Walnut Formation (Flatt, 1976) for a different oyster species, 

Texigryphaea mucronata, the C. texana buildup at locality 1002 would suggest an allobiostrome 

OMO. Whether this is a diagnostic separation for the two species throughout the Walnut 

Formation, or just a local occurrence requires further field work on C. texana OMO accumulations 

throughout Central Texas.  

 

In summary, Ceratostreon texana formed a type of ancient reef termed an Oyster Mass Occurrence 

(OMO) in the Keys Valley Marl Member f the Cretaceous Walnut Formation in central Texas. 

Three data sources – size-frequency, fractures and macro-borings were collected and then analyzed 

statistically. The absence (loss) of juveniles, plus extensive anterior fracturing and borings by 

multiple taxa confirm the relatively long time on the seafloor and the taphonomic loss of 

information about the original paleo-community. This evidence supports a conclusion that this C. 

texana OMO was an allobiostrome formed by mostly sedimentologic processes. 
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