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THE END OF THE DINOSAURIAN ERA IN THE
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Well exposed continental sections containing the Cretaceous-Paleocene transition have se-
1dom been described outside of western North America. This circumstance, together with the
wealth of data presented by Zhao and his associates (1991), underscores the importance of the
record preserved in the Nanxiong Basin of Guangdong and Jiangxi provinces in southern
China. We wish to suggest that some of this data is open to more than one interpretation, as
well as to encourage our colleagues in their research on Cretaceous-Paleocene boundary events
in the Nanxiong Basin.

The chronological framework of the Nanxiong sections is of major importance in under-
standing the local record of the Cretaceous-Tertiary transition. A basaltic lava flow near the
top of Yuanpu Formation vyielded dates averaging 67.4 ma (Zhao et al. 1991, p. 157), indica-
ting a late Maestrichtian age and approximate contemporaneity with the end of polarity Ch-
ron 3IN (Zhao et al. 1991, fig. 2; Harland et al. 1990, p. 157). If correctly identified, the
duration and local thickness of the chron suggest a depositional rate for the upper part of the
Yuanpu of 70 m/ma (Table 1). A measured section of the overlying Pingling Formation is 161
m thick, the basal 33 m of which contains a polarity chron identified as 30N (Zhao et al. 1990,
fig. 3, p. 15). If all of the chron were present, a depositional rate of 19.3 m/ma would be in-
dicated (Table 1). This rate is similar to depositional rates across the Cretaceous-Tertiary boun-
dary in western Canada (compare thicknesses of chrons in Lerbekmo and Coulter 1984 with
durations in Harland et al. 1990, p. 157).

Table 1: Identification and local thicknesses of paleomagnetic chrons

in the Nanxiong Basin Chron durations and age of Cretaceous-

Tertiary boundary are after Zhao et al. (1991, p. 14) and Harland
et al. (1990, p. 157).

chron thickness duration rate
Shanghu Formation:
Interval 390—415m 28N 25m 0.84ma 29.8m/ma
[nterval 259—390m 28R 13lm 0.38ma 344.7m/ma
Interval 236—259m 29N 23m ~ 0.69ma 33.3m/ma

Interval 161—236m 29R 75m 0.15ma 500.0m/ma
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chron thickness duration rate
Pingling Formation:
Interval 33—161m 29R 128m 0.43ma 297.8m/ma
Interval 0—33m 30N 33m 1.71ma 19.3m/ma
Yuanpu Formation:
Interval 109—172m IIN 63m 0.90ma 70.0m/ma

Zhao et al. (1991, p. 20) postulate that the base of a zone of trace element enhancement in
the upper part of the Pingling Formation (120 m below the local Cretaceoﬁs—Tertiary boun-
dary) predated the end of the Cretaceous by 300, 000 years. A sedimentation rate of 400 m/ma
is thereby implied. If Chron 29R is correctly identified in the upper portion of formation, a
rate of nearly 300 m/ma is indicated (Table 2). These are very high depositional rates, exceed-
ing those in the rapidly subsiding Triassic-Jurassic rift valleys of the Newark Group in eastern
North America (about 250 m/ma, see Olsen 1986). They are also more than an order of mag-
nitude greater than that implied by the underlying chron identified as 30N; does a hiatus occur
near the base of the Pingling Formation? A correlation with older chrons reduces the apparent
variation in sedimentation rates (Table 2), but implies an age for the upper part of the Yuan-

pu Formation which is about 3.3 ma older than the average of the dates from the basalt flow
(if they are accurate). '

Table 2: As for Table 1, with alternative chron identifications (see text).
Shanghu_ Formation:

Intervat 390—415m 25N 25m 0.61ma 41.0m/ma

Interval 259—390m 25R. 13lm ~  2.14ma 61.2m/ ma

Interval 236—259m 26N 23m 0.55ma 41.8m/ma

Interval 161—236m 26R 75+ m 2.32ma 32.3 4+ m/ma
Pingling Formation:

Interval 33—161m 31R 128 +m 2.0lma 63.7 + m/ma

Interval 0—33m 32.1N 33m 0.28ma 117.9m/ma
Yuanpu Formation:

Interval 109—172m 32.2ZN : 63m 1.66ma 38.0m/ma

The fossil vertebrate record is inadequate to resolve alternative chrono- and magneto-
stratigraphic interpretations. Rare skeletal remains in the Pingling Formation indicate the pre-
sence of lizards, large terrestrial turtles, small theropods, tyrannosaurids, therizinosaurids, dic-
raeosaurids, small ornithopods and hadrosaurids (Young 1965, Yeh 1966, Dong 1979, Young
and Chow 1982; for horizon of occurrence of some specimens see Mateer and Chen 1992). The
12 egg taxa occurring in the unit are divided into two groups according to frequency of oc-
currence (over 20, 000 stratigraphically documented shell fragments were collected): 4 spe-
cies are represented by an average of about 3,860 fragments per species, and 8 species by an ave-
rage of about 570 fragments per species (Zhao et al. 1991, pp. 15, 16). None of the porrly-re-
presented species have stratigraphic ranges as extensive as those of the 4 well-represented species
(Zhao et al. 1991, fig. 2), suggesting that sample size may be a factor in their apparently more
restricted stratigraphic distribution (cf. Koch 1991).
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" There are indications that egg-shell pathology may be associated with evidence of environ-
mental changes. Concentrations of several trace elements (Ni, Co, Pb, Cu, Mn; see Zhao et al.
1991, fig. 4) abruptly peak in eggshells approximately 100 meters below the top of the Pingling
Formation. Within the zone of trace element enrichment, micropathologic shells belonging to
the common species “Macroolithis yaotunensis” increase to a frequency of 75% from back-
ground levels of 20% below the zone (Zhao et al. 1991, p. 17). Higher in the formation trace
element concentrations (perhaps due to the transient exposure through erosion of a nearby me-
tal-rich source rock adjacent to the fault basin), paralleling a reduction in the incidence of
egg shell pafhology, return to near-background levels. Thus both could be unrelated to the ter-
minal Mesozoic estinctions.

Similarly, oxygen 18 anomalies in eggshells(Zhao et al. 1991, p. 19, fig. 3) indicate the exi-
stence of unusually arid conditions during the deposition of strata occurring 51—66 and 79—
106 meters below the top of the Cretaceous sequence. The thickness of relatively abundant
““Elongarolithus andrewsi” shells decreases from the bottom of the Pingling Formation to the
point where these shells disappear from the record near the climax of the lower arid interval
(Zhao et al. 1991, fig. 3), and could reflect a local extermination due to a local environmental
excursion rather than the onset of a mass extinction.

Was deposition continuous through the Cretaceous-Tertiary boundary in the Nanxiong Ba-
sin? Zhao et al. (1991) make no mention of an iridium anomaly between the Cretaceous Ping-
ling Formation and the overlying Paleocene Shanghu Formation, and Mateer and Chen (1992)
suggest that a hiatus may occur between the two units. The Shanghu is overlain by the Nong-
shan Formation, which has produced a mammalian assemblage containing Coryphodon and Pro-
dinoceras. These two genera occur in the middle and late Paleocene of North America (Russell
and Zhai 1987). A small mammalian assemblage also occurs near the base of the Shanghu For-
marion, which contains only 17 taxa (all of which arc endemic on a generic level) and is do-
minated by the remains of bemalambdid pantodonts (Russell and Zhai 1987, p. 33 fig. 8). This
assemblage cannot be shown to be of early Paleocene age (early Paleccene mammalian assemblages
have not yet been identified in any of the sedimentary basins of China), and is attributed to
the middle Paleocene for the reason that bemalambdids are unknown in strata regarded as being
of late Paleocene age.

Some of the pollen taxa illustrated by Li (1989) from the Shanghu Formation are closely re-
lated to forms occurring in the Paleogene of North America and Europe, and are of particular
biostratigraphic signifidance: Platycaryapollenites minuius Ke et Shi (Li 1989, pl. 1 figs. 26, 27
as Palycaryapollenites minutus), Juglanspollenites versus Raatz (Li 1989, pl. 2 fig. 25), Prero-
caryapollenites stellarus (R. Pot.) Raatz (Li 1989, pl. 3 figs. 1-—3), and Tiliaepollenites mic-
roreticulatus (Mal.) Ke et Shi (Li 1989, pl. 3 figs. 15—17).

The first occurrence of Plarycarya plasycaryoides was advanced as a means of recognizing
the base of the Eocene in the western interior of North America by Wing (1984), who placed
the Paleocene-Eocene boundary within the Wasatchian Land Mammal Age. Rare occurrences of
platycaryoid pollen have also been reported from the late Paleocene of the southeastern United
States (Frederiksen and Christopher 1978), preceding the more frequent occurrences in the
Eocene of North America (Manchester 1987). These occurrences are supported by well docu-
mented occurrences of platycaryoid pollen in the late Paleocene of Europe (Manchester
1987), including the Thanetian of Menat, France (Kedves 1982).

Taxa referrable to the Juglandeae, including both Juglans and Prerocarya, also originate
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in the Paleogene (Manchester 1987, table 6). Of the above genera, Juglans has the more restric-
ted range. The earliest known Juglans fruit is from the middle Eocene of Oregon (Manches-
ter 1987), which approximately correlates with the earliest record of Juglens pollen from the
middle Eocene (Rouse 1977). However, because the degree of heteropolarity in the distribution
of the pores in the specimen illustrated as Juglanspollenites versus by Li (1989, pl. 2 fig. 25)
and other pollen placed in Juglanspollenites (Li 1989 ,pl. 3 figs. 5, 8, 9, 13) is not sufficien-
tly clear, it is impossible to infer with certainty an Eocene age for the source strata.

Pollen of the Tiliaceae is first recorded from the middle Paleocene of North America
(Nichols and Ott 1978, Demchuck 1990). The earliest species recorded (Tilia danei Anderson
as in Demchuck) is microreticulate. Higher in the Paleocene and into the Eocene the reticu-
lation becomes coarser, and coarsely reticulate species are considered diagnostic of Eocene time
by Rouse (1977). The size of the reticulation on specimens illustrated as Tiligepollenites micro-
reticulatus by L1 (1989) si comparable to that on specimens from the Thanetian of Menat (Ked-
ves 1982, pl. 13 figs. 1—12, included in the tiliaceoid form genus [mirarriporopollenites) and
hence Li’s specimens would be compatible with an age as old as late Paleocene.

The mammalian assemblage from the Shanghu Formation is most easily interpreted as
being of middle Paleocene age (D.E.R.), while the palynofloral assemblage is at least as young
as the late Paleocene (A.R.S.), an age difference that could well be more apparent than real. In
any case, the Shangu Formation is 470—600 m thick, and even if local sedimentation rates were
of the order of 100 m/ma or greater, the unit would contain a significant fraction of Paleo-
cene time (which spans 9.5 ma, from 64.5 to 54 ma, cf. Izett et al. 1991, Odin and Kreuzer
1988, Odin and Odin 1990). As noted above, mammalian localities are clustered near the base
of the formation and pollen localities are presumably distributed through most of the unit. Even
in the absence of more precise biostratigraphic information, it would appear that several mi-
lions of years of the earliest part of the Paleocene record is absent, and it is unlikely that the
chrons identified by Zhao et al. (1991) near the middle of the formation as ‘“29N”’ and “28N”
are older than 26N and 25N (see Table 2).

Zhao and his colleagues have documented the presence of a fascinating complex of fluc-
tuations in trace-element and isotopic abundances, and a truly exceptional variety of dinosaur
eggs within the Nanxiong Basin. We look forward to a continuation of the research they have
establish on such fascination themes.
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