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ABSTRACT-The measured sections show that the oldest strata in Petrified Forest National Park are present in the vicinity of the Haystacks. Controversial units are exposed in this vicinity; these include sandstones, siltstones, mudstones and a purple mottled horizon, whose characteristics are reminiscent of strain of the Moenkopi Formation (Early to Middle Triassic) and "mottled strata" respectively. Recently, some authors questioned the affinity of these units to the Moenkopi Formation and have correlated them instead to the Bluewater Creek Formation present at Fort Wingate (NM) on the basis of similar lithologies. A detailed investigation of the area reveals that the stratigraphy does not role out the possibility of finding Moenkopi strata in PEFO. Correlation of the PEFO units with the New Mexico strata seems unlikely as they are shown to be of limited lateral extent and highly variable over short distances.






     ___________________

INTRODUCTION

P
etrified Forest National Park (PEFO) is one of the best places in the American Southwest to study the Late Triassic Chinle Formation due to the extent and the quality of its exposures. Although extensive sedimentological and stratigraphical work has been done in the vicinity of PEFO (Gregory 1917; Cooley, 1958, 1959; Roadifer, 1966; Stewart et al., 1972a; Billingsley, 1985a,b; Kraus and Middleton, 1984, 1987; Kraus et al. 1984; Middleton et al., 1984; Ash, 1987, 1992; Murry, 1990; Demko, 1994, 1995a,b; Demko et al., 1998; Hasiotis and Dubiel, 1993a,b; Dubiel, 1993; Dubiel and Hasiotis, 1994a,b; Dubiel et al., 1995; Lucas, 1993a, 1995; Lucas and Heckert, 1996; Heckert, 1997; see also Hasiotis et al., 1993), them has been some ambiguity over the identity of the basal strata. Previous researchers (Dubiel et al., 1995; Dubiel, personal communication, 1998; Demko, personal communi​cation, 1998; Demko, 1995a; Lucas, 1993a; Heckert, 1997) have recognized that the stratigraphically lowest Chinle exposures in PEFO are in the western part of the Tepees, near the Hay​stacks (Fig. 1). Dubiel et al. (1995) identify these strata as basal Chinle with local exposure of the Early to Middle Trias​sic Moenkopi Formation. However, Heckert and Lucas (1998) disagree with this interpretation and assign the strata to the Bluewater Creek Formation of the Late Triassic Chinle Group (sensu Lucas, 1993a), as described in the vicinity of Fort Wingate, New Mexico.

In the summer of 1998, we constructed a detailed, centimeter-by-centimeter, composite stratigraphic section of the PEFO by measuring 33 columnar sections throughout the Park (Fig. 2). Although several researchers have published composite sections of the PEFO (Dubiel et al., 1995; Demko, 1995a; Murry, 1990; Lucas, 1993a; Lucas and Heckert, 1996; Heckert, 1997), the extreme lateral variability of the Chinle strata have hindered the development of a robust stratigraphy; thus, we physically traced beds from outcrop to out​crop to establish correlations. The measured sections de​scribed in this paper (Fig. 3) represent the basal portion of our composite stratigraphic section. The sections document the presence of the controversial exposures, although their relationship to the Moenkopi Formation remains uncertain.
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Figure 1---- Locality map of the area studied in T18N R24E, including observed outcrops of strata interpreted as the “mottled strata”/Moenkopi Formation. Also shown are the locations of Sections 1-4 and the approximate location of the sections measured by Lucas (1993a) (BMM) and Herkert and Lucas (1998) (NPR). (Modified from USGS topographic map, Adamana Quadrangle, 7.5 minute, 1982)
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Figure 2----Composite stratigraphic section of the Upper Triassic Chinle Formation as constructed in Petrified Forest National Park, Arizona. Correlation between the northern and southern ends of the Park were made by tracing the Sonsela Sandstone and the distinct dark purple and blue paleosol sequence situated at the base of Blue Mesa toward the north in outcrops outside PEFO. Lithological features observed in strata situated above Flattops #2 are reminiscent of the red strata of the Painted Desert in the North.

As noted above, in a complex fluvial system like the one represented by the Chinle Formation, the high lateral vari​ability of facies can hinder correlation of lithostratigraphic units over long distances. Therefore, we refrain from using any stratigraphic nomenclature for “members” or “formations” to correlate localities as too often they resemble facies rather than correlatable lithostratigraphic units.

MOENKOPI/CHINLE CONTACT IN NORTHEASTERN ARIZONA

MOENKOPI FORMATION—The uppermost unit of the Moenkopi Formation (the Holbrook Member first named by Hager [1922]), consists of interstratified and interfingering beds of sandstone and siltstone, although a significant mudstone component may be present (McKee, 1954; Stewart et al., 1972b, Lucas, 1993b). The sandstone beds in the uppermost Moenkopi vary greatly in thickness and are discontinuous or irregularly interfingering with the siltstone beds (Stewart et al., 1972b). These sediments have been interpreted as representing deposition in a fluvial system with associated floodplain deposits (McKee, 1954; Stewart et al., 1972b; Blakey, 1974; Dubiel, 1994).

MOENKOPI/CHINLE UNCONFORMITY—A regional unconformity present between the Moenkopi Formation and the overlying Chinle Formation was first recognized by Gilbert (1875). A pre-Chinle-aged degradational fluvial system apparently eroded the Moenkopi Formation and formed an irregular topography with an intricate complex of westward- and northwestward- trending paleovalleys and larger channels (Cooley, 1959; Repenning et al. 1969; Blakey, 1974; Blakey and Gubitosa, 1983, 1984). The average relief carved into the Moenkopi is approximately 15 to 45 meters, but the largest depression reaches a depth of 90 meters and a width of 8 kilometers (Repenning et al 1969;Blakey, 1974).

A period of nondeposition and/or episodic deposition, represented by pedogenic “mottled strata” (Stewart et al., 1972a, 1972d), occurred between the incision of paleovalleys into the Moenkopi and the deposition of the Chinle Formation. The "mottled strata" exhibit distinctive reddish purple, pale reddish brown, and light greenish gray mottles, and have developed in the first few feet of the Chinle and/or underlying Moenkopi Formation. Dubiel (1987) re​ports its occurrence tens of meters into basal Chinle units above the unconformity in southeastern Utah. The variabil​ity in the stratigraphic levels at which the "mottled strata" developed suggests that at least episodic deposition was occurring locally as it formed. Other than the presence of the “mottled strata” paleosol, several observations made by Blakey and Gubitosa (1984, their Table II) support an indeterminately long hiatus between the incision of the paleovalley topography into the Moenkopi Formation and the deposition of the basal Chinle units.

CHINLE FORMATION--In the Late Triassic, a change in fluvial regime allowed the rivers to start filling the paleovalleys with sediments thought to be derived from the Uncompaghre and Mogollon Highlands (Stewart et al. 1972a; Blakey and Gubitosa, 1983; Dubiel, 1987, 1994). The basal Chinle sedi​ments filling the topography, known as the Shinarump Mem​ber, consist of tabular, trough cross-stratified sandstones and conglomerates containing lenses of mudstones and siltstones (Cooley, 1959; Repenning et al. 1969, Stewart et al. 1972a). The conglomerates, generally gray in color, contain pebbles and cobbles of quartz, quartzite, jasper, chert and petrified wood. Shinarump deposits are not continuous, but rather are found locally as lenticular, channel-like deposits (Gregory, 1917; Holyoak, 1956; Cooley, 1959; Repenning et al., I969, Stewart et al. 1972a; Blakey and Gubitosa, 1983, 1984;Dubicl, 1983, 1987).

Because of the highly localized nature of the Shinarump deposits, another unit, the Mesa Redondo Member, repre​sents the basal deposits of the Chinle Formation when the Shinarump Member is absent (Cooley, 1958, 1959; Repenning et al., 1969, Stewart et al. 1972a). According to Cooley ( 1958, p.9), the Mesa Redondo "either lies unconformably on the Moenkopi Formation or overlies and intertongues laterally with the Shinarump member". At the type locality approxi​mately 10 miles southeast of the PEFO (near Hunt, AZ), the Mesa Redondo Member can be subdivided into three sub-units: 1) a lower brownish-gray to grayish-red-purple mud-stone-siltstone lenticular thinly-to-thickly-bedded unit; 2) a medial trough cross-stratified conglomerate and sandstone unit containing pebbles and cobbles of limestone, chert, jas​per and quartz, grading into; 3) an upper mudstone-siltstone unit lithologically similar to the lower unit. The medial conglomeratic unit probably represents a channel deposit, as in some localities this unit is absent and the unit is then com​posed only of mudstones and siltstones (Cooley, 1958).

The close association of the Shinarump and Mesa Redondo Members suggests that they together form a facies complex of channel and overbank deposits. This could ex​plain the close association and interfingering of these two units and why the Mesa Redondo lithologies overlie the Moenkopi Formation when Shinarump lithologies are absent.

STRATIGRAPHY

Four sections were measured (Fig. 3) using a Topcon GTS-211D electronic total station. Correlation between sec​tions was accomplished by physically tracing two marker beds (referred to as SS and SP) from the southern face of the mesa capped by the Newspaper Rock sandstone (hereafter referred to as the Newspaper Rock Mesa) to buttes farther south (Fig. 1).

Unit SS (Fig. 3) is easily traceable from outcrop to outcrop. In the area of Section 1, SS is a white, very coarse, poorly sorted, conglomeratic sandstone with angular grains. It is composed of quartz and biotite and contains lenses of mudstone. The size of the particles composing this unit decreases toward section 3, where SS turns into a well sorted, coarse lithic wacke, composed of quartz, biotite and lithic fragments, and containing lenses of mudclasts. Bed SS unconformably overlies two distinct pedogenically- altered siltstones in the vicinity of Section 1. A deep red, gray-mottled purple paleosol occurs in the uppermost part of this unit.


A second marker bed, SP (Fig. 3), typifies the lateral facies variability in a fluvial system. In the area of Section 1, SP is a well-developed paleosol, but it is present in the area of Section 2 as a sandstone. The gradual transition from the paleosol facies tot he sandstone facies can be seen in the outcrops between Section 1 and 2. The paleosol can be divided into two distinct sub-units: a thick purplish-red muddy siltstone with abundant grey mottles, underlying a thin, blue, fissile siltstone exhibiting mottling and slickensides. The sandstone facies is a white, lithic wacke with fine to medium sand-sized particles being mostly quartz, biotite, mudclasts, and lithic fragments. In the vicinity of Sections 2 and 3, SP is easily identifiable as a channel due to its arcuate, erosional lower contact.
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Figure 3---Correlations among measured sections in the vicinity of the Haystacks. Notice the lateral variability of unit C of Section 3. The relative distance between the sections is not to scale. The sections are located as follows: SECTION 1-SE ¼ NW ¼ NW ¼ Sec 22 T18N R24E; SECTION 2- NE ¼ NW1/4 NE1/4 Sec 21 T18N R24E; SECTION 3- NE ¼ NW ¼ NE ¼ Sec 21 T18N R24E; SECTION 4- SW ¼ SE ¼ NE ¼ Sec 21 T18N R24E. 



Pedogenically-altered strata are observed at the base of Section 2 and 3 and in washes. (Fig. 3 and 4). Gray-mottled, red mudstones, siltstones, and sandstones are present at the base of buttes, and a purple- and yellow-mottled paleosol is developed in the uppermost part of those rocks. Dubiel et al. (1995) interpreted these lithostratigraphic units respectively as the Moenkopi Formation and the "mottled strata" that formed on it (sensu Stewart et al. [1972a]). These units are particularly well-exposed in very small outcrops present in washes and can also be recognized at the base of buttes (Fig.1). 



A highly weathered purple-mottled paleosol has been recognized at the base of Section 3. The upper part of this paleosol has been partially eroded by a channel that deposited a poorly sorted, conglomeratic sandstone unit containing chert pebbles and mudclasts (Fig. 3, Section 3, unit B).The distinctive dark red lithostratigraphic unit is not present at the base of Section 3; however, its presence close to the base of the section can be inferred from the fact that it can be seen outcropping in a nearby wash. Trough cross-stratificatton is observed in the red sandstone at this small outcrop and a mottled unit identical to the one described by Stewart et al. (1972a, their fig. 4) is also present (Fig. 4).
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Figure 4--- Small outcrop situated in wash at SW ¼ NE ¼ NE ¼ Sec 21 T18N R24E (N34( 57.00 W 109(47.593) showing stratigraphically lowest units present in the vicinity of the Haystacks: 4.1) red, large scale trough cross-stratified sandstone with greenish gray reduction haloes (paleocurrent measurements: 39(, 46(, 53() 4.2) purple-mottled unit, thought to represent a paleosol developed on Moenkopi rocks prior to Chinle deposition. Scale is 50 centimeters.

THE STRATIGRAPHICALLY LOWEST ROCKS IN PEEO

Numerous authors (most recently Lucas, 1993a; Heckert and Lucas, 1998; Dubiel et al., 1995; Murry, 1990; Demko, 1995) have measured and described sections in the western Tepees-Haystacks area, the stratigraphically lowest area of the Park. Correlation among these measured sections has often been made on the basis of the Newspaper Rock sand​stone body. A series of inclined heterolithic strata (IHS), inferred to represent lateral accretion deposits, are laterally associated with the Newspaper Rock sandstone. These are considered to be a part of the Newspaper Rock sandstone body for correlation purposes.

CORRELATION WITH PREVIOUSLY DESCRIBED SECTIONS--Measured sections from previous work were situated on a topographic map of the Park (Adamana Quadrangle, 7.5 minute series, USGS, 1982) and their topographic position was taken into account to correlate them with the work presented here (Fig. 1). Lucas (1993a) built a composite section for the Blue Mesa Member in the Tepees-Haystacks area. The relevant section for this paper, the type Blue Mesa Member segment A (hereafter referred to as BMM) was measured in the vicin​ity of the Haystacks, approximately 1 km south-southeast of Section 3. He assigned these strata to the basal Blue Mesa Member (Fig. 5). As reported graphically in Heckert and Lucas (1998), BMM is capped by a sandstone unit situated at the base of the Newspaper Rock sandstone. This sand​stone (unit 8 of BMM; Fig. 5) caps the buttes in the Haystacks area and is situated at approximately the same topo​graphic elevation as the covered interval (unit R) of our Sec​tion 2 (Fig. 1 ), Heckert and Lucas (1998) established a corre​lation between the Newspaper Rock section (NPR), reported to contain the oldest rocks in the Park, and BMM on the basis of the Newspaper Rock sandstone (see Fig. 5).

We investigated their correlation by physically tracing the Newspaper Rock sandstone in the field, and following beds SS and SP between the localities (Fig. 5). The Newspa​per Rock sandstone downcuts into the underlying strata north of Section 3, resulting in its direct superposition over SP in NPR. Bed SP turns into a paleosol both toward NPR and BMM and can be followed accordingly into these sec​tions, SS is absent in NPR; it merges with SP in proximity to Section 3. Unit 3 of NPR correlates horizontally with the chert-bearing unit (unit C) in Section 2. Toward BMM, SP downcuts and comes close to merging with SS. In BMM, SP is represented by a paleosol situated in mid-section (units 4 and 5), Bed SS almost merges completely with SP (Section 4) but is still distinct in BMM. The red silty mudstone (unit 1) at the base of BMM is the red paleosol situated between the chert-bearing unit and SS in Section 3 (unit E) and the same paleosol seen underlying SS in Section 1 (unit 1, Fig. 3).

IDENTITY OF THE STRATA--The correlation between NPR and BMM proposed by Heckert and Lucas (1998) is incorrect. The basal sandstone of BMM (unit 2) is stratigraphically much higher (approximately 6 meters between SS and the chert-bearing unit in Section 4) than the basal sandstone of NPR (unit 3) (Fig. 5). This precludes the possibility of having any Moenkopi exposures in the vicinity of BMM.

At NPR, on the other hand, Heckert and Lucas (1998) have recognized rocks situated approximately at the same stratigraphic level as the rocks thought to represent the “mottled strata” developed on Moenkopi units in Section 3; they assigned these red mudstones to the Bluewater Creek Formation (sensu Lucas and Hayden, 1989). At NPR, we did not observe any strata similar to the one described from Sec​tion 3 (Fig. 5) or from the several wash outcrops thought to contain the Moenkopi Formation. Their absence at NPR could be related to the uneven nature of the Moenkopi/Chinle con​tact due to the development of paleovalleys into the Moenkopi Formation prior to Chinle deposition, or simply because they were too weathered to be easily recognized.

DISCUSSION

Heckert and Lucas (1998) argue for a Bluewater Creek Formation affinity for the lowermost strata present in PEFO instead of the Moenkopi Formation by: 1) using data ob​tained from cores to identify the depth of the Moenkopi/ Chinle contact, and 2) correlating strata in PEFO with lithostratigrapbic units present near Fort Wingate, NM.

CORES.---Subsurface data were obtained from the water-well logs published by Harrell and Eckel (1939). The logs de​scribe an artesian well and cores obtained when drilling two water wells near the rail lines at Adamana, 2.6 km northwest of the Newspaper Rock outlook in PEFO (approximately 3.85 km north-northwest of Section 3).

A Moenkopi/Chinle contact has been identified 15 meters below the surface in the artesian well at Adamana (Harell and Eckel, 1939). Heckert and Lucas (1998) estimate that approximately 25-30 meters of rock must be present below the base of NPR to reach the stratigraphic level of the Moenkopi/Chinle contact seen in Adamana and use this ar​gument to reject the possibility of finding Moenkopi strata in PEFO.

As previously noted, the Chinle was deposited in paleovalleys incised into the Moenkopi; these depressions have an average depth of 15 to 45 meters (Cooley, 1959; Repenning et al. 1969; Blakey, 1974; Blakey and Gubitosa, 1983, 1984). The subsurface data of Harrell and Eckel (1939) do not obviate the possibility of finding a Moenkopi/Chinle contact within PEFO. A contact slope of 0.9 percent would be enough to explain the presence of Moenkopi strata at Section 3 and a Moenkopi/Chinle contact 30 meters below the level of NPR at Adamana.

STRATIGRAPHIC NOMENCLATURE--- To identify the member affinity of the lowermost PEFO strata, Heckert and Lucas (1998) correlated the tuffaceous, micaceous sandstone present near the base of NPR and BMM (units 3 and 2 re​spectively, Fig, 5) with the basal ashy sandstone of their Blue Mesa member in the vicinity of Fort Wingate, NM. In this locality, the ashy sandstone overlies red mudstones of the Bluewater Creek Formation described by Lucas and Hayden (1989). Thus Heckert and Lucas (1998) assigned the stratigraphically lowest rocks they observed in PEFO to the Bluewater Creek Formation.

The credibility of such a correlation is diminished when we observe that NPR's basal sandstone and BMM's basal sandstone are situated at different stratigraphic levels and, because they represent two distinct sandstone bodies, can​not be correlated (Fig. 5). Moreover, NPR's unit 3 can be traced laterally into a chert-bearing siltstone unit (unit C of Section 3, Fig. 5). The correlation proposed by Heckert and Lucas (1998) was established purely on the basis of the simi​larity of lithologies: a tuffaceous sandstone overlying red strata situated near the base of a section.
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Figure 5---Correlation of Newspaper Rock section (NPR, Heckert and Lucas[1998]) and type Blue Mesa “Member” segment A (BMM, Lucas [1993a] with Sections 3 and 4. Although the base of NPR is at stratigraphic level similar to the base of Sections 3 and 4, no good exposure of Moenkopi was found there. The additional sections are located as follows: NPR SE ¼ SE ¼ NW ¼ Sec 16 T18N R24E; BMM SW ¼ SW ¼ SE ¼ Sec 21 T18N R24E.

Careful investigation in the field shows that direct corre​lation between similar lithologies cannot be made in the con​text of a fluvial system with lateral facies variability. The changing nature of NPR's basal sandstone (unit 3) within 1.5 km reflects this (Fig. 1). Indeed, it is hard to conceive of a fluvial sedimentary process that can explain the deposition of a continuous sandstone layer over the 125 km separating the PEFO (Arizona) from Fort Wingate (New Mexico). The similarity of Fort Wingate's and NPR's sandstones is fortu​itous (as are the similarities of many non-correlatable lithofacies exposed throughout PEFO), but in no case implies lateral correlability. It is unlikely that the strata described in PEFO by Heckert and Lucas (1998) are genetically related to the outcrops in western-central New Mexico, and they should not be assigned to the Bluewater Creek Formation on the basis of these arguments.

MOENKOPI/CHINLE CONTACT--The presence of a Moenkopi/Chinle contact within PEFO cannot be rejected. Even though a typical Shinarump conglomerate (Cooley, 1959; Repenning et al., 1969; Stewart et al., 1972a) was not identified at any of our localities in PEFO, that should not deter us from considering the possibility of having reached the Moenkopi Formation since Shinarump lithologies are highly discontinuous in nature. Some fine material described in Sections 1 through 4, especially the pedogenically –modified red and purple siltstones well exposed in Section 1 (units A and B), are reminiscent of the Mesa Redondo Member, laterally interfingering with Shinarump channel deposits not outcropping in the studied area as described, could very well be overlying Moenkopi strata in PEFO. Further investigation is needed to resolve this question with certainty. Clay mineral analysis of the paleosols developed on the basal siltstones (Sections 2 and 4) might shed light on their relationships to either formation. A high bentonite content would suggest a Chinle origin, while a non-bentonite composition would be a Moenkopi indicator (Stewart et al., 1972a). Preliminary results clearly indicate a low smectitie content for NPR’s basal red mudstone (unit 1) (Heckert, 1997), although the relationship of that lithostratigraphic unit to the exposures at the base of Sections 3 and 4 and in the washes remains unclear.

CONCLUSION


The stratigraphy in the studied area does not rule out the interpretation made by Dubiel et al. (1995) that the lowest units present in PEFO pertain to the Moenkopi Formation. Lithologic and stratigraphic descriptions of the strata present at the Moenkopi/Chinle contact throughout northeastern Arizona resemble those of the units found in the studied area. This interpretation does not contradict subsurface stratigraphy obtained form cores (Harrell and Eckel [1939] as discussed by Heckert and Lucas [1998] because of the uneven nature of the Moenkopi/Chinle contact.

Our work challenges the feasibility of correlating distant localities using descriptive lithostratigraphic units, as sug​gested by Lucas (1993a) and Heckert and Lucas (1998), in the context of a fluvial system with extreme lateral variation. In a fluvial system, facies are highly lenticular and the imposition of a simple, layered, sequential stratigraphy serves more to cloud issues than to elucidate them. The use of "members" nomenclature appears inappropriate, because these more closely resemble facies than lithostratigraphic units of time significance. For this reason, "members" cannot be used to correlate distant localities.
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