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Abstract—Zamites powellii is one of the most common fossil leaves found in Carnian sediments of the Upper Triassic Chinle Formation and Dockum Group. It is rarely found in Norian sediments. Here, however, we report a Norian occurrence in Petrified Forest National Park, Arizona. Z. powellii was found in channel-fill deposits up to 5 m above the Sonsela Sandstone, generally considered to be the Carnian/Norian boundary in the Park. The geology of this locality highlights the reasons why plant assemblages are rarely found in Norian deposits: preservational biases limit the abundance of the fossils and a lack of stratigraphic control across the Carnian/Norian boundary makes age identification uncertain. 

    ____________________

INTRODUCTION

Z
amites powellii provides one of the most common fossil leaves, if not the most common fossil leaf, found in the lower part (Carnian) of the Upper Triassic Chinle Formation and Dockum Group in the southwestern United States (Daugherty, 1941; Ash, 1967, 1972a, 1974, 1975, 1978). The fossil is found in the Eoginkigites and Dinophyton floral zones (Litwin et al., 1991) which, in Petrified Forest National Park (PEFO), Arizona, occur in and below the Sonsela Sandstone (Ash, 1967, 1980). The Sonsela Sandstone is a widely recognized marker bed throughout the Park, and is believed to approximate the Carnian/Norian boundary (Litwin, 1986; Litwin et. al., 1991). With few exceptions, Z. powellii only occurs below it (Ash, 1975). The absence of Z. powellii in Norian sediments may be attributed to preservational biases that have limited the abundance of the fossils and/or a lack of stratigraphic control across the Carnian/Norian boundary resulting in localities with an uncertain age affiliation. It is these few exceptional localities that are discussed here. 

KNOWN LOCALITIES

Carnian localities of Z. powellii in the western United States are known from the lower part of the Chinle Formation in western New Mexico, Arizona, Utah and the Dockum Group of eastern New Mexico, western Texas and western Oklahoma (Daugherty, 1941; Ash, 1975, 1988). In the Carnian sediments of the Chinle Formation fossils have come from the Sonsela and Poleo Sandstones, and the Lower Petrified Forest, Monitor Butte, Mesa Redondo, and Shinarump Members (Ash, 1972b, 1974, 1980). In the Carnian sediments of the Dockum Group, fossils are known from the Santa Rosa Sandstone (referred to as the Santa Rosa Formation, Ash, 1972a, 1988), as well as the Trujillo and Tecovas Formations (Ash, 1980). 

A few possible Norian localities of Z. powellii have been documented by Ash (1970, 1972b, 1975). One locality is reported to be in the Upper Petrified Forest Member (Norian) of the Chinle Formation in the southern end of PEFO at a locality called "Walker's Stump" (Ash, 1970; Ash and Hevly, 1974; Walker, 1974). Two other potentially Norian localities, both in the Dockum Group, were described by Ash (1975). Near Santa Rosa, New Mexico, Z. powellii is in the base of the Chinle Shale Formation, and at Boys Ranch in Texas, it is found in the Trujillo Sandstone (Ash, 1972a, 1975). 

Z. powellii AT GATESY'S PLUNGE IN PEFO

Z. powellii (identified by S. Ash, personal commun., August 1998; Fig. 1) was found during the summer of 1998 in the Gatesy's Plunge area (near Jasper Forest) in PEFO (Fig. 2) in sediments that lie up to 5 m above the Sonsela Sandstone (Fig. 3). Because the Sonsela Sandstone is considered to be the marker bed for the Carnian/Norian transition in PEFO, the locality may be placed confidently within the Norian.
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Figure 1---Photograph of Z. powellii from Gatesy's Plunge, PEFO. Penny is 1.8 cm.

Within PEFO, the Sonsela Sandstone is a highly recognizable and traceable unit averaging between 10 and 12 m thick and is characterized as light gray-to-tan, fine- to medium-grained, moderately sorted, subangular-to-subrounded, quartz arenite and conglomerate with horizontal bedding, and tablular and trough cross-bedding (Elzea, 1983; Billingsley, 1985; Ash, 1987; Murry and Long, 1989). Typically, the sandstone forms cliffs, but it is known to thin out and intertongue with sediments above and below it (Billingsley, 1985; Murry and Long, 1989). This is the case with the Z. powellii locality. The Sonsela Sandstone can be seen in its "typical" form as a prominent cliff, capping mesas in the Jasper Forest area of PEFO. It can be physically traced from these cliffs to a more modest sand body at the base of hills in the Gatesy's Plunge area. In the region where stratigraphic section 4 was measured (Figs. 3 and 4) the Sonsela Sandstone is a fine to very-fine grained reddish lithic arenite as described by Dott (1964). This is one of the more inconspicuous manifestations of this sandstone in the Park. 
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Figure 2—PEFO indicating Gatesy's Plunge. Inset: Arizona. Modified from Billingsley (1985).
The plant material was found in an approximately 4 m thick unit of gray, silty mudstone and siltstone interlayered with fine- to medium-grained, moderately to poorly sorted lithic wacke (Fig. 3; stratigraphic section 1). Most of the carbonaceous material found was disseminated fragments, but whole leaf impressions of Z. powellii were also obtained (Fig. 1). The plant-bearing stratum can be traced laterally about 0.75 km, (see stratigraphic section 2; Fig. 3), but no whole leaf impressions were found elsewhere in it, only carbonaceous fragments and dark stained (presumably from carbon) rock. 

The plant locality is in channel-fill sediments at the base of a +15 m deep paleochannel (Herrick, in prep.). Preliminary work done on reconstructing the paleoenvironment of the Gatesy's Plunge area indicates that deposition took place in a meandering fluvial system (Herrick, in prep.). Taphonomic settings like those at the Z. powellii locality are reported to favor plant preservation in the Chinle Formation (Demko et al., 1998).

DISCUSSION AND CONCLUSIONS

"Carnian" plant fossils have been found in younger sediments (Daugherty, 1941; Ash, 1972b, Ash, 1992) and one might expect in the future to find Z. powellii among them. However, there are relatively few localities of leaf compressions reported above Carnian sediments, and the age of these is only questionably referred to the Norian. These two issues will be briefly examined.

Though the leaf assemblages that are found in the Norian are very similar to those in the Carnian, they are considerably more rare (Ash, 1972b). This may be attributed to preservational biases. Plant assemblages are concentrated in lower Chinle members where they were preserved within incised valleys that were cut into the underlying Triassic rock (Demko et al., 1998). In contrast, the upper Chinle members were deposited across the fluvial plain that formed once the incised valleys were filled in (Demko et al., 1998). Accordingly, as Ash (1972b) has noted, the apparent difference between the abundance of plant assemblages in Carnian and Norian sediments may not be real. This may simply be an artifact of different depositional systems and associated preservation, as has been shown to occur elsewhere on the Colorado Plateau (Demko, et al., 1998). It follows that if we look in Norian valley-fill and channel-fill sequences, we may indeed find more floral assemblages.
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Figure 3----Stratigraphic sections of Gatesy's Plunge showing lithostratigraphic correlation between the Sonsela Sandstone (Section 4) and the Z. powellii locality (Section 1). Horizontal spacing not to scale.

A lack of stratigraphic control across the Carnian/Norian boundary has resulted in uncertainty in assigning a Norian age to some localities. Two Z. powellii localities, the Chinle Shale Formation locality near Santa Rosa New Mexico, and the Trujillo Sandstone locality at Boy's Ranch in Texas, are questionably referred to the Norian (Ash 1972a, 1975). 

Recent stratigraphic work does not shed light on the Chinle Shale Formation locality. We have not found further reference to a "Chinle Shale Formation" of the Dockum other than by Ash (1972a, 1975). Reeside et al. (1957) and Chatterjee (1986) cite an unnamed shale member of the "Chinle" (quotations their's) Formation of the Dockum Group. Lucas and Hunt (1989) recognized and renamed a lower (Carnian) and an upper (Norian) shale member of the Chinle Formation of the Dockum Group, but it is uncertain to which shale member Ash (1972a, 1975) refers. Therefore, the Chinle Shale locality cannot unequivocally be considered Norian. 
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Figure 4—Topographic map of Gatesy's Plunge area in Jasper Forest with locations of stratigraphic sections indicated. Specimen found in NE1/4 NW1/4 NW1/4 Section 20 T17N R24E. Contour interval 10 feet. Taken from USGS, Arizona, Agate House 7.5 min. quadrangle.
With respect to the Trujillo Sandstone, recent stratigraphic work (Ash, 1980, Dubiel, 1994) correlates this unit with sediments just under the Sonsela Sandstone. These studies suggest a late Carnian age for Ash's (1972a, 1975) Trujillo Sandstone locality. 

As for the third possible Norian occurrence of Z. powellii, the Walker's Stump locality in PEFO, more work needs to be done to clarify the stratigraphic position of these fossils. The Walker's Stump locality is discussed by Ash (1972b) who only states that "Otozamites powellii" is "in or above Sonsela Sandstone" (p. 27, table 1). This locality has not been discussed since Ash's (1975) reassignment of the fossils found there from Otozamites to Zamites. Ash maintains that the fossils are correctly assigned to Zamites (S. Ash, personal communication, May 1999).

We were fortunate to find the PEFO locality at Gatesy's Plunge, because we can place the PEFO Z. powellii locality within the context of an unambiguous local stratigraphy. Based upon that stratigraphic position, Z. powellii from Gatesy's Plunge in PEFO is undoubtedly of Norian age.
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