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DISCUSSION ON THE PROBLEMS OF K/T BOUNDARY IN
THE NANXIONG BASIN

YE lJie

(Institute of Vertebrate Paleontology and Paleoanthropology, Chinese Academy of Sciences Beijing  100044)
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Summary

Eight years ago Zhao and his colleagues’ paper (1991) “Extinction of the dinosaurs
across the Cretaceous—Tertiary boundary in Nanxiong Basin, Guangdong Province”
appeared in Vertebrata PalAsiatica. Two years later (1993) D. A. Russell et al. made
comments on Zhao’s paper.

Russell er al. examined the sequence of the polarity chron established by Zhao et
al. by calculating the depositional rates (Russell et al. 1993, table 1). In their opinion
the variation in sedimentation rates of the different polarity chron is quite great. The
depositional rates of the upper part of the Pingling Formation are extremely high,
even higher than those in the rapidly subsiding Trassic—Jurassic rift valleys of Newark
Group in eastern North America. Therefore Russell ez al. modified the sequence of
the polarity chrons for reducing the apparent variation in sedimentation rates (Russell
et al., 1993, table 2). The new chrons are very different from older one:the original
chron 31N near the, top of the Yuanpu Formation was changed into 32.2N in New
sequence and, original chron 29R was substituted by two chrons: chron 31R for the
upper part of the Pingling Formation and chron 26R for the lower Part of the
Shanghu Formation. Hence a hiatus of ca. 6.37Ma occurs between the Shanghu
Formation and the Pingling Formation. Russell er al. analysed the shanghu local
mammal fauna based on the previous data and came to the conclusions: “---and it is
unlikely that the chrons identified by Zhao er al. (1991) near the middle of the
formation as 29N and 28N are older than 26N and 25N (see table 2)”. The mention

above indicates big divergence between Russell et a/. and Zhao et al. in the
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chronological framework of Nanxiong sections. It is not only because of the different
basic biostratigraphic data they possessed from ours but also because of the
differences in understanding and using of the methods of stratigraphy. In order to
promote the study of the stratigraphy in Nanxiong Basin, 1 would discuss the
following problems with Russell et al. 1) How to understand the depositional rate
during geological time. 2) How to identify polarity chrons in continental section. 3)

Interrelation between K/T boundary and indium anomaly.

1 The understanding and employment of the continental sedimentation rate
during geological time

Recently the sedimentation rate has usually been used to check up the polarity
chrons identified. The method is feasible when the strata to deal with were
accumulated at relatively uniform rates (for example, marine and /or huge lacustrine
deposits and the sediments with uniform facies). For the continental deposits with
multiple facies, especially those in the small intermountain basins, the calculating of
sedimentation rate conld be interfered by various factors. At first the continental
sedimentations are usually complicated. The auther once witnessed the rapid clastic
accumulation during a rainstorm in Qinling Mountains to a thickness of several metres
which, however must had been partly wom away before it was covered by later
deposits. The thickness of remainder depends on the various nondepositional factors. It
is therefore very difficult to restore the real depositional rate of the continental
sediments. Nanxiong Basin is an intermountain basin about 80km long, 20km wide, a
typical graben basin bounded by two faults, which have been controlling the
geological history of the basin since late Mesozoic era. The distribution and thickness
of sediments in the basin varies, resulting from differential activities of the faults. The
change of facies here is complicated and even abrupt change can be found in the
sediments. Russell et al. have doubts about the depositional rate of the Pingling
Formation, which is of fluviatile deposits. According to my study in the field the
river changed the course and overflowed often and thus cutting and filling took place
alternatively during the sedimentation. So the average depositional rate calculated by
means of the measured thickness is not the real rate and is variable.

Second, the measuring of any stratigraphical section has to be done by tracing
outcrops. During accumulating the thickness in the ordinate the measuring position has
to be often moved in the abscissas. Therefore the thickness of the layer obtained
could be the maximum, minimum value or a value between them in measured area,
which depends on measured position.

Third, the implication of the depositional rate obtained is different when the time

units chosen for calculating are different. Regretfully Russell ez al. did not choose the
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proper time unit carefully for calculating the depositional rate of polarity chrons near
the K/T boundary of Nanxiong Basin. In table | of Russell es al. there are 7 chrons
identified by Zhao et al, of which 6 chrons are of duration less than 1Ma and 3
chrons are of duration less than 0.5Ma. Give [Ma as time unit for calculating, the
depositional rate is calculated with division when the duration is longer than 1Ma,
and when the duration shorter than 0.5Ma the average depositional rate is calculated
with multiplication. Both calculations have the same mathematical meaning but
different physical meaning. The former presents an average depositional rate in a
relatively long time, while the latter gives actually an average depositional rate in a
rather short duration less than 0.5Ma. On other words the depositional rate of the
short duration ( < 0.5Ma) is used instead of the depositional rate of long duration
(IMa). Therefore when 1Ma is chosen as time unit under the latter condition the
average depositional rate is always higher than 10° (see Russell et al. 1993, table 1
& table 2).

2 How to identify the polarity chrons in continental sediment sequence

Geomagnetic polarity reversal is global synchronous and repeated event during the
whole history of the Earth. Hence, it is difficult to identify the paleomagnetion chrons
of the strata according to only the magnetopolarity records. We have to use other
time carriers kept in the sediment to calibrate the identified magnetic chrons.

In Nanxiong Ba;in the following time records can be used: 1) The basaltic lava
near the top of Yuanpu Formation was dated 67.4Ma on an average (Zhao et al.
1991, pp.3, 14), indicating late Mastrichtian age and approximating the end of polarity
chorn 31N, comparable with 109~ 172m of C. G. Y. section (an interval of normal
polarity near the top of Yuanpu Formation). However, Russell er al. changed the
magnetic polarity of C.G. Y. 109~ 172m into chron 32.2N without any new data in
order to reduce the apparent variation in sedimentation rate (Russell er al. 1993, table
2, P.142).

2) Fossil record as one of time carriers is helpful for magnetostratigraphic analysis.
Russell et al. identified two normal polarity intervals in Shanghu Formation based on
the published data of fossii mammals and pollens. However the biostratigraphic
information they utilized of the fossils was not certain. Some mammal-bearing beds in
Nanxiong Basin will be discussed below. Near the bottom of Shanghu Formation
often exist faults and paddy fields, so it is difficult to check up these beds described
by predecessors (invertebrate paleontology). Instead of invertebrate and pollens will
here discuss the distribution of mammal fossils.

3) I the stratigraphic sequence established by Zhao et al. (1991) is successive,
the polarity chrons of the rock can be deduced after the 31N chron is identified.
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However Russell er al. considered that a big hiatus existed between Pingling
Formation and Shanghu Formation. It has also been considered by the Chinese
geologists that an unconformity should be exist between Mesozoic and Cenozoic rocks
in Nanxiong Basin—a hiatus occurred between Pingling Formation and Shanghu
Formation. According to the careful observation of the present author in the field, the
top part of Pingling Formation consists of purplish red muddy siltstone with small
calcareous concretions, yielding nests of Dinosaur eggs; the bottom part of Shanghu
Formation consists of brownish red muddy siltstone with larger irregular-shaped
hollow calcarcous concretions. The contact surface of these two formations is clear
and flat with no trace of hiatus in between. The relatively apparent hiatus should
occur in the Mesozoic between Yuanpu and Pingling formations. The third member of
Yuanpu Formation consists of lacustrine deposit, and mudpacks and footprints of
dinosaurs have been found on the surface of the rocks near the top of the member,
indicating the environment of shallow water where the sediments exposed often to the
air. The bottom part of Pingling Formation consists of sandy conglomerates of 5m
thick, scattered with breccias of siltstone coming from the third member of the
Yuangpu Formation. The haitus between Yuanpu and Pingling formations is therefore
obvious. However the haitus is short for the dinosaur eggs from above and below the
boundary are consistent.

Furthermore, based on the previously published data on the fossil mammals, Russell
et al. considered that there are no lower Paleocene sediments in the lower part of
Shanghu Formation. The updated information shows that the Paleocene sediment is of
800m thick in which 7 mammal fossiliferous layers have been found. Two layers
locate in Nongshan Formation, whose yielded fossil mammals are quite different from
those of Shanghu Formation and with no Coryphodon and Prodinoceras (Wang et al.
1998) as Russell et al. predicated. The other 5 layers are in Shanghu Formation of
about 500m thick, of which Chow et «l. (1977) reported 4 mammal fossiliferous
layers: top, upper, middle and lower layers formed the middle Paleocene Shanghu
mammal fauna. The present author has checked the lower fossiliferous layer in the
field and confirmed that it was 56m above the bottom of Shanghu Formation. It
should be mentioned that another fossiliferous layer 2m above the bottom of Shanghu
Formation has been found by the present author and his colleagues. Although the
fossils were ill-preserved and could not be identified exactly, they were obviously
different from those from the four layers above. According to Zhai (oral
communication) they could belong to one of the small primitive condylarths. Wang et
al. (1998) dated the Shanghu Fauna to be equal to Puercan—middle Torrejonian of
North American mammal Age, and Ting (1998) considered the Shanghuan to be equal

to Torrejonian. It is therefore impossible that “several millions of years of the earliest
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part of Paleocene record is absent” in Nanxiong basin.

3 K/T boundary and iridium anomaly

When Russell ef al. discussed whether deposits of the Cretaceous and Tertiary in
the Nanxiong Basin were continuous they stressed iridium anomaly record (Russell et
al. 1993, P.143). The present author could not understand the reason why they
stressed: Did they mean that iridium anomaly marked the K/ T boundary or iridium
anomaly is a criterion of continuous deposition. In my. opinion, the reason of the last
dinosaur extinction has been being a problem is dispute. Although impact theory is
reasonable, it is not yet mature scientific conclusion because of insufficient evidences.
The nature and the influenced area of iridium anomaly event has not been cleared. It
should be careful to consider the iridium anomaly the only criterion of K/T boundary.
In addition, it is worth considering the problem whether iridium could be deposited in
running water, because iridium kept in stratum is form of particle. It is unreasonable
to deny the deposit continuation at Cretaceous—Tertiary boundary based only on the
absence of iridium anomaly although the iridium anomaly is very important for
deciding where the K/T boundary lies.
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