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DISCUSSION AND REPLY 

Chinle Group sequence has been as intensively studied as the New
ark, the same pattern in pole positions is observed. This similarity 
argues not only against remagnetization, but also for similar ages of 
magnetization. 

The magnetostratigraphic data from the two rock units (Fig. 1) 
also are similar. Reeve and Helsley (1972) measured magnetostrati
graphic sections in only the uppermost part of the Chinle Group. In 
east-central New Mexico, at Luciano Mesa, Reeve and Helsley (1972, 
spelled Lucianna in their text) sampled the upper 60 m of the 95-m
thick Bull Canyon Formation and the entire 85 m of the Redonda 
Formation. They sampled the Redonda Formation again 40 km to the 
east (Mesa Redonda) and obtained the same magnetostratigraphy. 
The 145-m-thick section that Reeve and Helsley sainpled overlies 
400-500 m of additional Upper Triassic strata (Lucas and Hunt, 1989). 

The early-middle Norian age of the Bull Canyon Formation in 
east-central New Mexico is well established by tetrapod correlations 
based principally on phytosaurs and aetosaurs (Lucas and Hunt, 
1989), corroborated by Norian palynomorphs in correlative units on 
the Colorado Plateau (Litwin and others, 1991). 

The Redonda Formation also is of Norian age, and fossil verte
brates and sequence stratigraphic correlations indicate it is late Nor
ian or Rhaetian, younger than the Columbianus Zone of ammonoid 
biochronology and therefore post-Alaunian (Lucas, 1991). The Re
donda Formation is a correlative of the upper part of the Passaic 
Formation in the Newark basin, no older than the Ukrainian Village 
Member (Fig. 1). Therefore, the uppermost normal interval of the 
Redonda correlates to the 1+ interval in the Newark basin, and the 
lowest normal interval in the Reeve and Helsley section is equivalent 
to, or perhaps younger than, the j+ normal interval of the Newark 
basin (Fig. 1). 

This correlation appears to indicate that several short intervals of 
normal polarity are recorded in the Redonda Formation but not in the 
upper Passaic Formation. Close examination of Reeve and Helsley's 
(1972) data, however, suggests that several ofthe short intervals they 

Reply 

interpreted as normal polarity may be incorrect. The upper of the two 
closely spaced, short, normal-polarity intervals at Luciano Mesa 
(Reeve and Helsley, 1972, fig. 3) is not convincingly of normal polarity 
and may be the product of unremoved secondary magnetization of 
recent origin. Also, more samples and better demagnetization are 
needed to verify the lower of those two short normal-polarity inter
vals. Likewise, the short normal-polarity interval near the top of 
Reeve and Helsley's Mesa Redonda section appears to be an over
print of present-field magnetization on reversed polarity, similar to 
overprints seen -10 m lower. 

With or without these caveats, however, the Newark Group 
magnetostratigraphy correlates well with the Chinle Group magneto
stratigraphy (Fig. 1). This correlation indicates that the Chinle Group 
preserves at least one more pair of normal and reversed-polarity in
tervals than does the coeval Newark sequence. One explanation of 
this apparent lack of temporal resolution in the Newark basin may be 
the vel)' coarse sampling density and long, unsampled stratigraphic 
intervals (as much as 500-1,000 m thick) enforced on Witte and others 
(1991) by the lack of outcrop. Nevertheless, the Newark Group cor
relates well with the Chinle Group magnetostratigraphy, and the 
Chinle sequence provides better temporal resolution than does the 
much thicker Newark section. 
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The Discussion of Lucas and others underscores the potential 
usefulness of magnetostratigraphy for correlation between red beds of 
the broadly coeval Chinle Group of the western interior and the New
ark Supergroup of eastern North America. Detailed magnetostrati
graphic correlation between the Newark and the Chinle is vel)' likely 
to change significantly, however, with the addition of new data from 
both of these units, and hence such an attempt as proposed in the 
Discussion may be premature. 

In view of positive reversal tests reported for the Owl Rock 
Member (Bazard and Butler, 1991) and our restudy of the Church 
Rock Member (Kent and Witte, 1993), we have also concluded that 
complete remagnetization of the Chinle is increasingly unlikely. As 
described in Kent and Witte (1993), the similarities and differences 

between the sequence of Newark poles and Chinle poles from on and 
off the Colorado Plateau are instead better explained by post-Triassic 
tectonic rotations of the Colorado Plateau with respect to cratonic 
North America. Unremoved overprints, nevertheless, confound the 
interpretation of the Chinle magnetostratigraphy reported by Reeve 
and Helsley (1972). 

Although the Discussion suggests that the magnetostratigraphic 
records from the Newark and Chinle sections are similar, this char
acterization is misleading in several respects. The Newark samples 
were subjected to complete progressive thermal demagnetization in 
15 to 20 steps to at least 680°C, and characteristic directions were 
estimated from principal components analysis of the magnetization 
remaining above 640°C. Of the 64 sedimental)' sites in the Newark 
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summarized in Witte and others (1991),92% yielded what were judged 
to be reliable data for magnetostratigraphic interpretation. Progres
sive thermal demagnetization to 630°C was performed on 24 pilot 
samples in the Reeve and Helsley (1972) study, but the Chinle Lu
ciano Mesa (following spelling in Discussion) and Redonda Mesa 
magnetostratigraphies cited in the Discussion are based primarily on 
sample magnetizations after demagnetization to only 550 ± 30°C. In 
general, progressive thermal demagnetization above 550°C, up to the 
maximum unblocking temperature of hematite at about 680 °C, has 
been found to be essential to isolate characteristic magnetizations in 
the Chinle red beds (Bazard and Butler, 1991; Molina-Garza and oth
ers, 1991; Kent and Witte, 1993). Reeve and Helsley (1972) realized 
that the stable Triassic magnetizations in the Chinle are clearly re
vealed only in the very high unblocking temperature range, and they 
noted that a large number of their samples retained directions asso
ciated with the present field to demagnetization temperatures of 
550°C and even higher. In their Discussion, Lucas and others ac
cordingly suggest that several normal polarity intervals interpreted by 
Reeve and Helsley (1972) at Luciano Mesa and Redonda Mesa may 
be artifacts of the incomplete removal of secondary magnetization 
components. Thus, although complete remagnetization of the Chinle 
is unlikely, we also agree that secondary magnetizations confuse the 
available polarity zonation of the Luciano Mesa and Redonda Mesa 
sections of the Chinle. 

The resulting ambiguity in the correlation of the Chinle magne
tostratigraphy to the Newark record is exacerbated by gaps in the 
Chinle's depositional history, as well as gaps in the magnetostrati
graphic sampling of both the Chinle and Newark sections. That the 
Chinle and the Newark represent "similar time records" is generally 
accepted in the sense that both sequences are assigned Carnian and 
Norian biostratigraphic ages (Comet and Olsen, 1985; Lucas, 1991a). 
Deposition in the Newark basin began sometime in the Carnian with 
the palynologically defined Camian/Norian boundary falling between 
the top of the Lockatong Formation and the base of the Perkasie 
Member of the Passaic Formation, as originally described by Comet 
(1977) and shown in Figure 1 of the Discussion. Newark deposition 
apparently continued without any significant hiatus through the Nor
ian and into the earliest Jurassic and preserves an apparently com
plete record of climatic fluctuations interpreted as Milankovitch cy
cles (Olsen and others, 1989). The Chinle stratigraphic record is, on 
the other hand, interrupted by several important regional uncon
formities of imprecisely known duration (for example, the Tr-5 and 
J-O unconformities at the tops of the Bull Canyon and Redonda for
mations, respectively; Lucas, 1991a, 1991b). For example, the upper 
part of the Redonda Formation is apparently normal polarity at Lu
ciano Mesa (Fig. 1D of Discussion) but is reversed polarity at Re
donda Mesa (Fig.1E of Discussion), suggesting that the unconformity 
at the top of the Redonda Formation may even be diachronous at the 
two locales. Furthermore, the much greater thickness of the Newark 
section (-6,000 m) relative to the broadly coeval Chinle sections 
( -145 m in Fig. 1 of the Discussion, and several hundred meters in the 
sections described by Lucas [1991a]) suggests that the Newark has 
the potential for a considerably higher overall temporal resolution 
than the Chinle. 

The Discussion reiterates our conclusion (Witte and others, 
1991) that several large sampling gaps (as much as 1,000 m and cor
responding to several million years) in our outcrop study of the New
ark make it likely that we have missed some polarity intervals, espe
ciallywithin the Newark a- and k- magnetozones. It is also evident 

that some magnetozones may have been missed in the Chinle sections 
studied by Reeve and Helsley (1972), especially in the lower Luciano 
Mesa section, where several sampling gaps are at least as wide 
(-10 m) as some of the thinner magnetozones (-1 to 5 m) they in
terpret in the Chinle. Through recent continuous coring in the Newark 
basin (Olsen and Kent, 1990; Kent and Olsen, 1992), we are in the 
process of obtaining a complete high-resolution record of Late Tri
assic geomagnetic polarity history (Kent and others, 1992). It would 
be extremely useful if there were a complementary modem restudy 
of the Luciano Mesa and Redonda Mesa sections, consisting of de
tailed demagnetization analysis of a sufficiently high density of sam
ples, to delineate with high reliability the fine structure of Chinle 
magnetostratigraphy. 

With a complete Newark magnetic-polarity reference section 
and the results from magnetostratigraphic studies of the Chinle all 
based upon well-isolated characteristic magnetization directions, it 
should then be possible to establish very detailed correlations be
tween the Newark and the various Chinle sections (Reeve and Hels
ley, 1972; Bazard and Butler, 1991; Molina-Garza and others, 1991). 
This should allow the evaluation of the temporal extent of the regional 
unconformities in the Chinle described by Lucas (1991b) and provide 
an exciting opportunity to calibrate the exceptionally rich vertebrate 
biostratigraphy of the Chinle with the Newark's continuous time strat
igraphic section and cyclostratigraphic numerical chronology (Olsen 
and others, 1992). 
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