
		
		

		
			Remains of a sea turtle from the Austin Formation (Upper Cretaceous, Campanian), Coahuila, Mexico

			Restos de una tortuga marina de la Formación Austin (Cretácico Superior, Campaniano)  Coahuila, México

			López-Conde, Oliver A.1,2,*[image: ]; Chavarría-Arellano, María L.1[image: ]; Porras-Múzquiz, Hector3[image: ]; Alvarado-Ortega, Jesús4[image: ]

			

			1 Departamento de Biología Evolutiva, Facultad de Ciencias, Universidad Nacional Autónoma de México, 04510, Ciudad de México, México.

			2 Universidad del Valle de México, Campus Lomas Verdes, Paseo de las Aves 1, San Mateo Nopala, 53220, Naucalpan de Juárez, Estado de México, México.

			3 Museo Paleontológico de Múzquiz, Adolfo E. Romo 1701, La Cascada, 26343, Santa Rosa de Múzquiz, Melchor Múzquiz, Coahuila, México.

			4 Instituto de Geología, Universidad Nacional Autónoma de México, Circuito de la Investigación s/n, Ciudad Universitaria, Coyoacán, Ciudad de México, 04510, México.

			* oliver_hockey@hotmail.com

			Abstract

			New remains of a sea turtle from the San Carlos quarry (Upper Cretaceous, Campanian), Austin Formation in the north of Coahuila state, Mexico, are reported. San Carlos quarry is composed of limestones and its Campanian age is based on the presence of the ammonites Scaphites hippocrepis and Delawarella delawarensis. In addition to the presence of turtles, this quarry also contained ammonites, bivalves, crabs, sea urchins, bony fish remains, and shark teeth. The study material is housed at Museo Paleontológico de Múzquiz. The preserved fossil elements correspond to postcranial elements, which present morphological characteristics that allowed them to be identified as belonging to a small-sized turtle related to Protostegidae. These new sea turtle remains expand the knowledge and distribution of Protostegidae along the Western Interior Seaway, where large and medium-sized sea turtles were distributed.
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			Resumen

			Nuevos restos de una tortuga marina de la cantera San Carlos (Cretácico Superior, Campaniano), Formación Austin en el norte del estado de Coahuila, México, son reportados. La cantera San Carlos está compuesta por calizas y su edad Campaniano se basa en la presencia de los ammonites Scaphites hippocrepis y Delawarella delawarensis. Además de la presencia de tortugas, en esta cantera se han recolectado ammonites, bivalvos, cangrejos, erizos, peces y dientes de tiburón. El material de estudio se encuentra resguardado en el Museo Paleontológico de Múzquiz. Los elementos fósiles conservados corresponden a elementos poscraneales, los cuales presentan características morfológicas que permitieron identificarlos como pertenecientes a una tortuga de tamaño pequeño relacionada a la familia Protostegidae. Estos nuevos restos de una tortuga marina permiten ampliar el conocimiento y la distribución de la familia Protostegidae a lo largo del mar interior de América del Norte, donde se distribuyeron tortugas marinas de tamaño grande y mediano.

			Palabras clave: Campaniano, Jiménez, Protostegidae, Cantera San Carlos, Cretácico Superior, mar interior de América del Norte.

			
			

			1. Introduction

			Protostegidae is a family of extinct of sea turtles, and its main representatives were distributed along the Western Interior Seaway (North America) during the Upper Cretaceous, their distribution is also known in Asia, Europe, Oceania, and South America; according to the fossil record its distribution could be cosmopolitan. This family of sea turtles is known from the Barremian to Maastrichtian (Zangerl, 1953; Collins, 1970; Hirayama, 1998; Kear and Lee, 2006; Sato et al., 2012; Cadena and Parham, 2015; López-Conde et al., 2019; Danilov et al., 2022).

			The Protostegidae turtles described so far and distributed along the Western Interior Seaway include: 
Protostega gigas (Cope, 1872), Archelon ischyros (Wieland, 1896), Desmatochelys lowii (Williston, 1894; Zangerl and Sloan, 1960; Nicholls, 1992; Elliott et al., 1997; López-Conde et al., 2019), Chelosphargis advena (Hay, 1908), 
Calcarichelys gemma (Zangerl, 1953), and Terlinguachelys
 fischbecki (Lehman and Tomlinson, 2004). Aside from these are the two records of Atlantochelys mortoni (Agassiz, 1849; Parris et al., 2012) and Neptunochelys 
tuberosa (Wieland, 1900) which have traditionally been placed within Protostegidae.

			Research focused on sea turtles from Mexico has been historically scarce (López-Conde and Alvarado-Ortega, 2017; López-Conde et al., 2022). Until recently, the fossil record of Pan-Chelonioidea turtles in Mexico was limited to members of Cheloniidae. However, the recent description of the first turtle belonging to Protostegidae (Desmatochelys cf. D. lowii, López-Conde et al., 2019) and the record of sea turtles from different Mexican localities (Carbot-Chanona et al., 2020), indicate that the richness of Pan-Chelonioidea turtles in the Mexican fossil record is still underestimated, because indeterminate specimens from other Cretaceous formations have not been studied in detail (e.g. Agua Nueva and Eagle Ford formations; Ifrim et al., 2007; López-Conde et al., 2018; 2020). 

			The specimens described here were collected in the San Carlos quarry, Austin Formation (Upper Cretaceous, Campanian), Coahuila State, Mexico (Figure 1), the same locality where Desmatochelys cf. D. lowii was previously collected, which is the first sea turtle formally described for Mexico.

			The San Carlos quarry is important because it continues to provide new fossil material waiting to be formally described and with this information obtained, expand the knowledge of the fossil record for one of the southernmost localities in the Western Interior Seaway, giving a broader picture in the biogeographic knowledge of the different marine organisms of the Upper Cretaceous of North America.

			2. Geological setting

			The name Austin limestone was first applied by Shumard (1860) to describe a calcareous-clay rock unit that crops out in the surroundings area of Austin, Texas, United States of North America (Young, 1963). This unit was divided into four sub-units (Taff, 1892), from the bottom to the top: Lower Austin, Sandy layer, Aucella layer, and the last one, a calcareous marl limestone. In northwest Mexico, this unit has been informally divided into diverse members (Carrasco, 1963; Stinnesbeck et al., 2005). In a stratigraphic study at Jimenez, Coahuila,  the Austin Formation was divided into two members: La Dessau, (yellowish-white chalk and marl) and La Tecolotes (limestone and marl), both belonging to the lower Campanian (Carrasco, 1969). The fossils (mainly ammonites, bivalves and crabs) were obtained from the Tecolotes member. Until now, there have only been a few studies on this unit, and there is not a consensus for these divisions in both Mexico and Texas. Most of the studies that have been conducted in northwest Mexico have referred this unit as undifferentiated and have also been cited as the Austin Formation. 

			The San Carlos quarry, near Jiménez town, Coahuila State, Mexico (Figure 2), is composed of calcareous marls and yellowish-white chalks, and the upper part is composed of gray limestone and yellowish-brown marls. These lithologies are disposed in decimeter layers. The thickness of limestone varies between 40 and 60 cm, chalks, and marls vary between 20 and 100 cm, while the thickness of lutites varies from a few centimeters to 40 cm. Studies by Reeside (1927) and Carrasco (1969) in Jiménez, Coahuila provide a Campanian age for this unit. The age is determined based on the presence of ammonites Scaphites hippocrepis and Delawarella delawarensis. In addition to ammonites, the fossil record from the San Carlos Formation comprises many bony fish remains, shark teeth, bivalves, crabs, and sea urchins, among others (Silva-Martínez et al., 2014).

			3. Material and methods

			The specimens described in this study are housed at Museo Paleontológico de Múzquiz, in Melchor Múzquiz, Coahuila, Mexico, under the catalog number MUZ-3916 and MUZ-3917. MUZ-3916 corresponds to several postcranial elements (e.g., humerus, ilium, and plastron) and MUZ-3917 corresponds to an isolated scapula. The rock was removed using pneumatic tools and dental needles and hardened by applying a layer of plexygum dissolved in cyanoacrylate. The specimens were observed and measured directly, and photographs were obtained under different light conditions.

			
			

			Institutional abbreviations: MUZ, Museo Paleontológico de Múzquiz, Melchor Múzquiz, Coahuila, México.

			Anatomical nomenclatures: We based our comparisons on the descriptions published by Nicholls et al. (1990); Hirayama (1998); Hooks (1998); Parham et al. (2003); Tong et al. (2006); López-Conde et al. (2019).

			4. Systematic paleontology

			Testudines Batsch, 1788

			Cryptodira Cope, 1868

			Pan-Chelonioidea Joyce, Parham & Gauthier, 2004

			Protostegidae Cope, 1872

			Protostegidae indet.

			Referred specimens: MUZ-3916 (Figure 3), is a disarticulated specimen represented only by postcranial elements (e.g., costal, humerus, ilium, ischium, peripheral, plastron, and scapula), and MUZ-3917 (Figure 4) corresponds to an isolated scapula.

			Occurrence: San Carlos quarry, Jiménez town, Coahuila State, Mexico. Upper Cretaceous (Campanian), Austin Formation.

			Description: MUZ-3916 is a specimen of a sea turtle composed of several postcranial elements. This specimen is disarticulated, with some bones displaced from their original positions. A detailed comparative study was carried out, which included the postcranial elements that have been identified for their description (Figure 3). On the other hand, MUZ-3917 corresponds to  an isolated scapula (Figure 4). The following bones were identified from MUZ-3916 and MUZ-3917 (humerus, scapula, ilium, ischium, pubis, costals, peripherals, hyoplastron, hypoplastron, and xiphiplastron).

			Humerus: This is a partial humerus with a maximum preserved length of 39 mm and its diaphysis is short and robust similar to other Protostegidae previously described (Figure 3). The sigmoid shape of the humerus was deformed due to the compaction of the bone during diagenesis. Due to its poor conservation and position, the humerus is not informative, preventing further description of this element. 

			Scapula: In MUZ-3916, both scapulae were preserved but the dorsal process was preserved in only one of them. The best-preserved scapula had a length of 58 mm. The acromion and the dorsal processes form an angle slightly greater than 90°. The distal part of the dorsal process is damaged (Figure 3). MUZ-3917 has a length of 65 mm. The acromion and the dorsal processes are distally damaged (Figure 4). The glenoid fossa was preserved in both scapulae.

			The pelvic girdle is partially preserved and semi-articulated and is composed of the following pairs of bones:

			Ilium: Both ilia are preserved, but one is in poor condition. The ilium is a slender and flat bone with a maximum preserved length of 31 mm. The articular section is expanded and includes flat surfaces to join the pubis and ischium. The posterior process is damaged (Figure 3).

			Ischium: One ischium is poorly preserved; this bone looks thin. The ischium is nearly vertically oriented, preventing further description of this element (Figure 3).

			Pubis: Two fragments from both pubes were preserved (Figure 3). On the left pubis, the lateral pubic process is flattened and shows a rounded profile that is also expanded. Between the two fragments of the pubis the thyroid fenestra is observed (Figure 3).

			Costals: Two costals were preserved and both are associated with their respective ribs. The costals are irregular and fragmented and the body of the rib extends along the ventral surface. The ribs are wide and flat, and it is possible to observe the distal area of the rib that would be insert with the peripherals (Figure 3).

			Peripherals: Two incomplete peripherals were preserved, articulated with sinuous sutures, and would be rectangular in shape as in other Protostegidae (Figure 3).

			Hyoplastron: Two poorly preserved fragments are part of this specimen, despite its poor conservation, its characteristic shape is observed (Figure 3).

			Hypoplastron: This bone is poorly preserved but is possible to observe its moderately digitate structure (Figure 3).

			Xiphiplastron: It is articulated to the hypoplastron and is a bowed bone (Figure 3).

			Remarks: The Family Protostegidae is an enigmatic group of Lower Cretaceous-Upper Cretaceous sea turtles with worldwide distribution and several representatives from different localities. This group had spectacular-sized sea turtles, such as A. ischyros, and P. gigas, medium-sized turtles such as D. lowii and small-sized turtles such as S. gaffneyi. The greatest richness of Protostegidae turtles occurred along the Western Interior Seaway, in contrast to the possible origin of this group of sea reptiles in South America, with the record of D. padillai from the Paja Formation, Lower Cretaceous, Barremian-Aptian (Cadena and Parham, 2015), and S. gaffneyi, from the Santana Formation, Lower Cretaceous, Aptian (Hirayama, 1998) (Figure 5). 

			Until now, the fossil record of sea turtles in Mexico is limited, especially that of Protostegidae, even with the recent reports of turtle findings in different localities in Mexico (e.g., Agua Nueva and Eagle Ford formations). These new reports have remained without any formal description, which has limited our knowledge of this group of sea turtles. Therefore, the formal reports that have been made in recent years are essential, such as the case of Desmatochelys cf. D. lowii (López-Conde et al., 2019), which is currently considered the first record of a sea turtle (Protostegidae) for Mexico.

			 5. Discussion

			Specimens MUZ-3916 and MUZ-3917 were collected near the occurrence of Desmatochelys cf. D. lowii. The morphological characteristics of the postcranial elements suggest that these specimens represent an indeterminated Protostegidae. This taxonomic assignment is supported by:

			Peripherals serrate to strongly digitate on their interior borders (Wieland, 1909), the hyoplastron-hypoplastron moderately digitate to strongly digitate (Wieland, 1909), and the xiphiplastron is a bowed bone (Wieland, 1909). Therefore, the isolated fragments that have been collected should not be underestimated, as they provide important information that helps to understand the different taxonomic groups, in this case those of the sea turtles Protostegidae.

			Although these specimens were collected in the Austin Formation where Desmatochelys cf. D. lowii was previously described it is not possible for us to assign it to this same taxon due to the absence of fully preserved specimens, and for now, the fossils should be considered as Protostegidae indeterminate, due to morphological characteristics of the postcranial elements.

			6. Conclusions

			The Family Protostegidae were sea turtles and are known from the Barremian to Maastrichtian. Its main representatives were distributed along the Western Interior Seaway and their distribution, according to the fossil record, could be cosmopolitan. 

			The paleobiogeographical importance of these new remains, along with Desmatochelys cf. D. lowii, is that they correspond to the southernmost records of Protostegidae along the Western Interior Seaway. Protostegidae have an important stratigraphic range from the Lower Cretaceous (Barremian) to the Upper Cretaceous (Masstrichtian) and their fossil remains have been collected from localities on most continents (Figure 5).

			New turtles collected from the Eagle Ford Formation in the Venustiano Carranza quarry were preliminarily assigned to new Protostegidae turtle specimens. With the future description of these new specimens, new knowledge will be added about the anatomy, paleogeography, and the phylogenetic relationships of this enigmatic group of sea turtles.
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							Figure 1: San Carlos quarry, Austin Formation (Upper Cretaceous, Campanian).
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							Figure 2: Map of the locality. A, general map of Mexico showing the state of Coahuila; B, close up of the state of Coahuila and location of Jiménez municipality and San Carlos quarry; C, Geological map of the north of Coahuila, indicating San Carlos quarry (modified from Servicio Geológico Mexicano, 2008).
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							Figure 3: MUZ-3916 corresponding to postcranial elements of Protostegidae indeterminate from the Upper Cretaceous (Campanian), San Carlos quarry, Austin Formation, Coahuila, Mexico. ac, acetabulum; ap, acromion process; c, costal; dp, dorsal process; gf, glenoid fossa; h, humerus; hyo, hyoplastron;hyp, hypoplastron; ib, indeterminate bone; il, ilium; is, ischium; lp, lateral process; met, metischial process; p, peripheral; pp, posterior process; pu, pubis; r, rib; sc, scapula; tf, thyroid fenestra; xi, xiphiplastron. Scale bar equals 5 cm.
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							Figure 4: MUZ-3917 corresponds to a scapula of Protostegidae indeterminate from the Upper Cretaceous (Campanian), San Carlos quarry, Austin Formation, Coahuila, Mexico. ap, acromion process; dp, dorsal process; gf, glenoid fossa; sc, scapula. Scale bar equals 2.5 cm.
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							Figure 5: Geochronological range of members of the family Protostegidae present in the fossil record. Taxa are illustrated according to their time-range occurrence.
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