Introduction
This research is part of an ongoing study of large-diameter structures (LS) in the Salt Wash Member (SWM) of the Upper Jurassic Morrison Formation near Ticaboo and Torrey, Utah. The LS have been described as mammal burrows [3, 4, 5], but a detailed study has never been undertaken. Multiple hypotheses about their origins are being tested. The initial survey noted over 100 structures; the current study has gathered data on over 150 LS and is currently describing their morphology, occurrence, and outcrop distribution.

Methods
Multiple origins are hypothesized for all of the LS: 1) vertebrate burrows—a) mammal, b) therapsid, c) reptile, and/or d) amphibian; 2) rhizoliths; 3) concretions; or 4) fluid escape pipes. To test these hypotheses, we compiled a database of measurements, descriptions, and photographs of the LS from field observations, and have begun comparing their features to an existing database of the architectural and surficial morphologies of structures from known tracemakers and abiotic structures [10].

Study Area
The main study area is near Ticaboo, Utah. The SWM here is composed of interbedded sandstone, siltstone, and mudstone that represent fluvial systems [2, 6, 9, 11, 13]. The depositional environment of the LS-bearing units represents a proximal to distal floodplain [9,13]. The LS are located in the third paleosol from the top of the SWM. Sandstones with pebble conglomerate lenses representing crevasse-splay events are interbedded with the LS-bearing paleosol and non-LS-bearing paleosols [2, 6, 9, 13]. The paleosols contain many slickensides.

A second area was discovered ~80 km northwest near Torrey, Utah. This outcrop was much less laterally extensive. The paleosols here are thinner.

Results
All LS appear to have undergone significant architectural deformation during preservation. The LS have two morphotypes.

Morphotype 1 is more common. The two elements composing this morphotype are a vertical to subvertical helical shaft that leads to one or more horizontal tunnels. In two specimens, the tunnels are also helical. Longitudinal and transverse striations are visible on the top of LS elements, but poorly preserved due to a carbonate coating. The side and bottom surfaces lack striations and are coated with smooth lumps of carbonate. There are more specimens of isolated elements than of complete structures. At the site near Torrey, Utah, the Morphotype 1 LS are smaller. Spacing between the LS is not uniform, but they are rarely tightly clumped.

Morphotype 2 is composed of a single long (~2 m) subhorizontal tunnel.  There are fewer longitudinal and transverse striations preserved on the top of these specimens than on Morphotype 1.  These striations are also distorted. The major surface texture is again lumpy. There are only three examples of Morphotype 2 at the Ticaboo, Utah, site and none at the Torrey, Utah, site.

Interpretation
With a high level of complexity, the architecture of Morphotype 1 resembles mammal and therapsid burrows. The helical shape is seen in burrows from the Permian and the Miocene that are both in the ichnogenus Daemonelix [8, 12]. The longitudinal and transverse striations are interpreted as scratch marks from the manus and/or pes, or bite marks. The discovery of Fruitafossor, a mammal interpreted as having fossorial adaptions, in the Morrison Formation increases the potential for the LS being constructed by mammals [7].

[bookmark: _GoBack]The simpler architecture of Morphotype 2 most closely resembles the burrows of reptiles. The large size makes a monitor lizard or crocodilian a potential tracemaker. The longitudinal and transverse striations are again interpreted as scratch or bite marks.
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