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Abstract - The Morrison Formation (Jurassic) of Curecanti National Recreation Area has proven vertebrate paleontological resources. In addition to the vertebrate fossil record in the Park, there are several types of non-marine invertebrate trace fossils. There are at least four types of invertebrate trace fossils present in the Park. Of these types, three (unionid burrows, crayfish burrows, and termite nests in rhizolith traces) are highlighted here. The presence of these trace fossils in the Park illustrates the mosaic nature of the ecosystem preserved within the Morrison Formation. 

 
____________________ 

Introduction

C

ontinental trace fossils have proven value as indica tors of past environments and biodiversity (Bown and Kraus, 1983; Hasiotis, 1998; Hasiotis and Dubiel, 1995; Hasiotis and Demko, 1998; Hasiotis et al., 1998; Ratcliffe and Fagerstrom, 1980; Retallack, 1984). As in-place fossils, they provide direct evidence of the details of an ancient depositional environment, or they can indicate ecological interactions, such as burrows on wood or bone. Additionally, since body fossils of terrestrial invertebrates are quite rare, trace fossils provide evidence of biodiversity that is not otherwise readily available. 

The purpose of this report is to briefly highlight three of the types of non-marine trace fossils found in the Morrison Formation (Late Jurassic) of Curecanti National Recreation Area (CURE) that have been mentioned elsewhere (Fiorillo and McCarty, 1996). A fourth type of trace fossil, simple vertical tubes approximately 1 cm in diameter and up to 35 cm long, is also present, but given the decided ambiguity of its taxonomic origin, it will not be discussed further here. All but the crayfish burrows discussed below were found in the Red Creek section in CURE that is described elsewhere (Fiorillo and McCarty, 1996). 

In addition to the traces discussed in this report, CURE has produced the remains of at least two taxa of dinosaurs (Fiorillo and May, 1996, Fiorillo et al.,1996) and conchostracans (Fiorillo and May, 1996) from the Morrison Formation. These non-marine trace fossils, combined with the dinosaur data, indicate that the Morrison ecosystem in this park is much more complex than had been previously recognized. 

Curecanti National Recreation

Area Background

Curecanti National Recreation Area encompasses the eastern portion of the Black Canyon of the Gunnison, and shares a common boundary with the Black Canyon of the Gunnison National Monument, with both parks being managed as one unit. CURE is arguably one of the lesser-known parks in the National Park Service. The park contains three dams that comprise the Wayne N. Aspinall Unit of the Upper Colorado River Storage Project, where the largest reservoir created by the dams, Blue Mesa Reservoir, serves as a major recreational resource for fishermen and boating enthusiasts. 

The park is recognized for having exposures of rocks that date to over 1.7 billion years, making these rocks among the oldest in western North America. In addition, fossil resources that have significant scientific and educational value have been recently recognized at CURE. The most important of these fossil finds is in the Upper Jurassic Morrison Formation in the park (Figure 1). 
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Figure 1—View of the best exposure of the Morrison Formation in Curecanti National Recreation Area. From the highest point on this ridge, the Morrison Formation comprises approximately the lower half of the exposure.

The remains of two dinosaur taxa have been found at a quarry in CURE: an articulated partial sauropod skeleton consisting of several posterior cervical and anterior thoracic vertebrae, ribs, and fragmentary limb materials; and isolated theropod teeth. The sauropod has been referred to the genus Apatosaurus and the theropod teeth assigned to the genus Allosaurus (Fiorillo and May, 1996; Fiorillo, et al., 1996). 

Morrison Formation Background

The Morrison Formation of the western United States has produced the vast majority of the Jurassic dinosaurs from North America. This important fossil-unit, composed largely of ancient stream, floodplain, and lake deposits, is found at the surface or in the subsurface from Montana to New Mexico and from Oklahoma to Utah (Dodson et al., 1980). Recent work has shown the Morrison Formation to contain a diverse flora and fauna (Carpenter et al., 1998a; 1998b). However, most of these remains have been derived from only a few major localities. The Morrison Formation can be subdivided into several members (Peterson and Turner-Peterson, 1987; Peterson, 1988a). The youngest is the Brushy Basin Member, which is the source of most of the Morrison vertebrate remains (Lawton, 1977; Dodson et al., 1980, Carpenter et al., 1998a; 1998b, and others). 

The age of this rock unit has traditionally been considered to be Late Jurassic. The age of the Morrison Formation had been under debate, with dates ranging from pre-Kimmeridgian (Hotton, 1986) to Neocomian (Bowman et al., 1986; Kowallis, 1986). More recent Ar/Ar dates have established that the majority of the Brushy Basin Member is firmly in the late Kimmeridgian and Tithonian. It had been suggested that the uppermost part of the member may extend into the Early Cretaceous (Kowallis et al., 1991), but it now appears that the entire formation is within the Jurassic (Kowallis et al., 1998). 

Several members of the Morrison Formation are considered to be fluvial in origin and to represent alluvial fan complexes, while the Brushy Basin Member also incorporates a playa-lake complex in the eastern part of the Colorado Plateau (Peterson and Turner-Peterson, 1987). Structural and sedimentological relationships indicate that the Morrison Formation is a clastic wedge thinning from the ancestral Rocky Mountains to the retreating Late Jurassic interior sea (Dodson et al., 1980; Peterson, 1988a; Peterson and Turner-Peterson, 1987; Peterson and Tyler, 1985). The Morrison Formation is unconformably overlain by several time-equivalent continental units such as the Cloverly Formation in the Bighorn Basin of Wyoming and Montana, the Cedar Mountain Formation in the San Rafael Swell of Utah, and the Burro Canyon Formation in the San Juan Basin of Colorado and New Mexico. 

Historically, climatic interpretations for Morrison Formation deposition range from wet to dry (see Dodson et al.,1980 and Demko and Parrish, 1998 for review). The presence of aquatic vertebrates, such as crocodiles, turtles, and fishes has suggested to some that the Morrison Formation represents, at least in part, a humid environment (Mook, 1916; Moberly, 1960). In contrast, playa lake deposits in the Brushy Basin Member (Peterson and Turner-Peterson, 1987;

Turner and Fishman, 1991), eolian deposits in the Bluff Sandstone Member (Peterson, 1988b) and lake deposits in the Morrison Formation of southeastern Colorado (Prince, 1988) attest to drier conditions. To account for these two conflicting sets of environmental indicators, some workers have invoked a strong seasonality during Morrison times (Moberly, 1960; Dodson et al., 1980; Prince, 1988), or a mosaic of physical conditions during deposition (Demko and Parrish, 1998). 

Unionid burrows

Burrows attributed to unionid clams (Figure 2) are an uncommon component of the trace fossil assemblage found in the Morrison Formation of Curecanti National Recreation Area. This identification is based on comparison with published photographs of Cretaceous unionids from the Judith River Group of Dinosaur Provincial Park, Alberta, Canada (Koster et al., 1987), and personal observations of similar burrowed beds in the Judith River Formation of south-central Montana. These traces in the Morrison Formation were only found in one location in CURE, near Red Creek, and occurred as a dense cluster of preferentially aligned, bulbous burrows. The generally symmetrical form of the burrows indicates that both valves were present during the formation of these traces, which were made by living clams in an upright orientation. Evanoff et al. (1998) report six taxa of unionids in the Morrison Formation. However, based on the available data from CURE, no further taxonomic identification is offered for these unionid burrows. 

The preferred orientation and clear outline of the burrows indicates little to no reworking of this horizon. The presence of these burrows also indicates no transport of clams at the site. Further, modern unionids inhabit free flowing, well-oxygenated, non-ephemeral waters (Hanley, 1976). Given the preferred orientation of these burrows, flow appears to have been from the upper left to the lower right (or vice versa) of Figure 2. Following Koster et al. (1987) and Hanley (1976), the bulbous burrows are interpreted as dwelling structures (domichnia) for these Jurassic clams in a free flowing channel. 
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Figure 2—Unionid burrows in a sandstone matrix. These are interpreted as dwelling structures (domichnia) of clams in a free-flowing channel. Camera lens cap is approximately 5 cm in diameter. 

Crayfish Burrows

Roughly tubular traces, approximately 4 to 5 cm in diameter that are attributed to crayfish, were present but as with the unionid burrows, were also uncommon at CURE. Figure 3 is a photo of an overturned block with the filled in, or negative of a burrow attributed to a crayfish. Hasiotis et al. (1998) have documented similar burrows elsewhere in the Morrison Formation. In their study, they were able to differentiate various burrow surface textures as resulting from the various moving parts of crayfish. Such an analysis is not offered here. 

Of more interest however is the discussion by Hasiotis et al. (1998) regarding the relationship between burrow depth and water table height, where the longer the burrow, the deeper the water table. Whereas they were able to document burrows up to 100 cm long, the burrows at Curecanti National Recreation Area are only up to 15 cm long, indicating a relatively high mean (or dry season) water table. 
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Figure 3—Negative impression of a crayfish burrow. This block is overturned from its original position. Camera lens cap is approximately 5 cm in diameter. 

Termite Nests in Rhizolith Traces

One sandstone in the Park contains an abundance of chambered vertical, or near vertical, sharply delineated structures believed to be termite nests (Figure 4). These structures have diameters up to 6 cm and are roughly cylindrical. There are multiple levels with individual rooms. No spiral ramps are evident. The longest traceable structure was 65 cm in length. These structures tend to have a slight downward taper with rare, secondary lateral branches. 

These structures compare favorably with those described by Hasiotis and Dubiel (1995) for traces in the Chinle Formation of Petrified Forest National Park and Hasiotis and Demko (1998) for traces found elsewhere in the Morrison Formation. All of these structures have been attributed to termites. Hasiotis and Demko (1998) assign their Morrison Formation termite traces to Isoptera (Kalotermitidae?). 

Elsewhere in the Morrison Formation these structures are interpreted as being associated with rhizoliths (Hasiotis and Demko, 1998). Rhizoliths have been defined as being tubular and vertical with diameters that range to over 100 cm with a downward taper, and with lateral branches of lesser diameter (Hasiotis and Demko, 1996). In contrast to the crayfish burrows that are primarily dependent on soil moisture levels, termite nests such as those described elsewhere in the Morrison Formation are primarily dependent on organic matter (i.e., tree roots) and secondarily dependent on soil moisture needed for the termite colony. 
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Figure 4—Termite nest in a rhizolith trace. Notice the chambers within the nest. Camera lens cap is approximately 5 cm in diameter. 

The sharp delineation of the chambered, downward tapering traces with lateral branches at Curecanti National Recreation Area indicates that these termites were similarly following rhizoliths. Following Hasiotis and Demko (1998), because the nests fill the rhizoliths at CURE, the woody plants being utilized must have been intact and the destruction of the woody material probably occurred near or after the death of the plants. 

Discussion and Conclusions

Based on field data and clay mineralogical analysis, the lower part of the Brushy Basin Member of the Morrison Formation in Curecanti National Recreation Area has been interpreted as being deposited under humid conditions (Fiorillo and McCarty, 1996). Further, the clay mineralogy profile of this local section is suggestive of periods of non-deposition. 

The trace fossils described here are all found in sandstones that are dispersed through this paleopedological section (Fiorillo and McCarty, 1996). The presence of these traces (including the mentioned vertical tubes) in this interval indicates that during periods of non-deposition, in addition to the dinosaurs roaming the landscape, there was also an abundance of smaller life forms in the ecosystem preserved in the Morrison Formation. 

On a larger scale, mentioned earlier in this report, the Morrison Formation clearly was a complex mosaic of depositional environments. Predictably, this discussion highlights the complexity that is also observable at much finer scales of resolution. 
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