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Abstract: A magnetostratigraphic investigation of the Permian Emeishan LIP (large igneous province) was
carried out on a composite section in Ebian County, close to the type area in Sichuan, SW China. The
main succession of twelve flows (175 m thick) carries a normal polarity whilst the one reliable site from the
overlying 30 m thick volcanic waning sequence is marked by a reverse polarity. The data enable a
corrclation to be proposed with an Emeishan Basalt sequence in western Guizhou, ¢. 400 km to the SE.
From our knowledge of the geomagnetic field's reversal behaviour during the Permian, it suggests that the
main lava pile along the eastern half of the Emeishan Basalt outcrop belt was erupted within a half to one
million years. Using magnetobiostratigraphic data from the adjacent South China platform, the normal
polarity magnetozone is correlated with the normal polarity chron associated with the upper part of the
Maokou Limestones. Constrained by conodont data, the main Emei Basalts appear to be at least two
biozones older (1-1.5 Ma) than the Mid—~Late Permian boundary. It is possible. however, that the Emei
Basalt waning zone sequence, which represents an explosive volcanic phase, might be coeval with the
‘end-Guadalupian® biotic crisis. Thus arguments implicating Emei Basalt volcanism as the causal
mechanism behind this major global event have to accommodate the new relative-age constraints.
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The Permian Emeishan Basalt Formation of SW China is
recognized as one of Earth’s Large Igneous Provinces (LIP)
(e.g. Chung ef «l. 1998). Such terrains are geologically
impressive with volumes of one-third to two million cubic
kilometres erupted within one or two million years (White &
McKenzie 1995). Over the past three decades, much effort
has been spent on understanding how LIPs are generated.
Building upon the classic work of Morgan (1972), one group
of models has focused on large mantle-plumes impacting on
the base of the lithosphere (see for example the basic models
of Richards er al. 1989: Campbell & Griffiths 1990; White &
McKenzie 1989; Kent er «f. 1992). The plume component
has, however, been contested and several non-plume models
have been proposed (e.g. Anderson er al. 1992; King &
Anderson 1995). In continental settings LIPs usually mark
the sites of rifting and ocean basin formation (Courtillot
et al. 1999). Additionally, many LIPs are temporally associ-
ated with major biotic crises, hence a causal link has been
proposed although with varying degrees of enthusiasm
(Courtillot 1999; Wignall 2001).

The Emeishan Basalts outcrop across an area of 0.25-
0.3 million square kilometres in the provinces of Sichuan,
Yunnan and Guizhou (Fig. ). The unit has a volume of about
0.25 million km* (Huang & Opdyke 1998); the thicknesses vary
widely across the terrain from one to two hundred metres in
the eastern parts to somewhat localized highs in excess of
five kilometers in the west (Liu & Xu 1994, p. 139). The LIP
has been studied palacomagnetically by many scientists (e.g.
McElhinny et al. 1981; Zhao & Coe 1989; Van der Voo er al.
1993: Ma et al. 1993) almost exclusively to constrain the
amalgamation of several crustal blocks (e.g. South and
North China, Tarim and Indochina) to eastern Eurasia in the

Mesozoic. Thomas er al. (1998) also studied the unit for
tectonics, although their primary aim was to obtain geo-
magnetic field intensity information following the 40 Ma long
Permo-Carboniferous (Kiaman) Reversed Superchron. From
these and other works it is well established that the basalt pile
is: (1) dominated by normal polarities; (2) was erupted at an
equatorial location; (3) records a clockwise rotation of about
15-35% and (4) includes a small number of reverse polarity
directions that are not exactly antipodal with respect to the
normally magnetized dircctions. This has led some workers to
question whether the remanence of the unit is primary (Van
der Voo er al. 1993).

The only focused magnetostratigraphic investigation
(Huang & Opdyke 1998) involved a flow-by-flow study
through a 550 m thick sequence at Duge, ¢. 30 km south of
Liupanshui in western Guizhou Province. However, the
principal aim of the study remained tectonic; by assessing
the contribution of normal/reverse polarity flows within the
Emeishan dataset Huang & Opdyke (1998, pp. 1-2) antici-
pated being able to address the antipodality issue and hence
evaluate the directional data within the context of plate
modeling. Our motive for carrying out magnetostratigraphic
studies is somewhat different and directed towards understand-
ing the Emei Basalts’ relationship with the ‘end-Guadalupian’
extinction. According to Stanley & Yang (1994), the event was
one of the most severe Phanerozoic crises with more than 70%
of the marine species dying out at this time (see also Wang &
Sugiyama 2000). A recent SHRIMP zircon dating study of
Emei Basalt-related intrusive rocks has yielded ages of
258.741.5 and 256.0+ 1.0 Ma (Zhou et al. 2001). Zhou et al.
(2001) used these data and stratigraphic information from the
adjacent coeval South China platform sequences to provide the
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first clear evidence for the close temporal link between the
Emei Basalts and the end-Guadalupian extinction.

Geology

Although the Emeishan Basalts and associated rocks have
been extensively documented (e.g. Wang ¢t al. 1987; Anon
1991), during fieldwork it became apparent that the published
works and generalizations made for stratigraphy of the
Emeishan Basalts and associated rocks in Ebian County (and
Mt Emei area) are somewhat confusing. The sub-regional
stratigraphy has recently been reviewed (Thompson et al.
2001), and the scheme is summarized in Figure 2. The sequence
in the Ebian area is similar to that at Emei, the principal
difference being the thickness of the main basalt pile (respect-
ively, 175 m and 270 m). The basalts conformably overlie a
several hundred metre thick shelf limestone sequence of the
Middle Permian Maokou Formation and comprise of one
dozen flows ranging in thickness from 6 to 35 m. The upper
parts of Flows [ to 11 are relatively fresh and no palaeosols
were observed to have developed between flows, suggesting a
relatively short time, perhaps, less than a few tens of thousand
years between eruptions (a full discussion of this is provided in
Thompson er al. 2001, where palaconvironmental information
deduced primarily from palynological data provides the key
evidence). However, the upper third of Flow 12 is conspicuous
for being intensively palacoweathered. The main basalts are
succeeded by a complex package of rocks including thin
basalts, tuffaceous rocks, pyroclastic deposits and terrestrial
sediments assigned to the newly proposed Xin Chung Member
(Thompson et al. 2001). The unit is about 30 m thick and
marks the waning of volcanism. It is overlain by the Lower
Triassic Feixianguan Formation, comprising terrestrial sand-
stones and mudstones.
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Methods

Standard six- or seven-sample palacomagnetic sites were collected
from the plagioclase phyric/aphyric lower-middle portions of each
flow. Flow tops were avoided as they are almost always riddled with
amygdales and show signs of alteration. Cores, 2.5 cm in diameter,
were sampled using a gasoline-powered rock drill and oriented using a
Brunton Compass mounted on a Pomeroy Orientation Table. To
supplement the dataset, two-/threc-sample ‘mini-sites” were collected
from the middle/upper parts of some flows in the section at Xin Chung
village. The natural remanent magnetization {(NRM) of ecach sample
was measured using an AGICO JRSA magnetometer. Most of the
specimens were magnetically cleaned using alternating field (af) de-
magnetization in a Molspin tumbler system. Thermal demagnetization
(using a Magnetic Measurements instrument) was carried out on a
minority of specimens, mainly on samples that did not respond to af
treatment, but also on representative ones to determine unblocking
temperatures and thereby provide information on the remanence
carriers. Demagnetization data were examined using a Core Magnetics
software package. Vector end point diagrams (Zijderveld 1967) were
uscd to analyse the data from each sample and principal component
analysis (Kirschvink 1981) was used to determine characteristic mag-
netization (ChRM) directions. An overwhelming number of samples
exhibited a high-stability remanence with either no other component
or an easily removed viscous remanence (¢.g. Fig. 3a. b), suggesting a
simple magnetization history. The thermal demagnetization studies
indicate that for most sites the remanence is carried by magnetite.
However, samples from a small number of sites exhibited unusual
behaviour and these are commented upon in the outcrop discussions
below. The statistics of Fisher (1953) were used to calculate site mean
directions (Table 1). The sub-regional magnetostratigraphy is summa-
rized in Figure 4.

Results: Ebian

The uppermost 30 m of the Maokou Formation and the lower
half of the Emeishan Basalts, locally labeled Flows 1-7, are
exposed several kilometres along the road from Ebian to Emei,
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Fig. 2. Stratigraphic summary of the sections in Ebian County area examined for their magnetostratigraphy based on Thompson ez al. (2001).
For reference the section examined at Mt Emei is shown also. Where flows are too poorly exposed to determine their internal structure they are
left blank. Dashed lines indicate that the contact between flows or units is obscured or questionable. Although twelve flows are recognized at

Emei and Ebian, a flow-by-flow correlation is not inferred.

at 29°16.139'N/103°16.392'E. The rocks have a westerly dip
and are inclined at 48°. The magnetization of this sequence
is simple: each site carries a normal polarity magnetization
(Fig. 4). However, there are two points worthy of comment.
Firstly, in Sites EB4 and EB7 there are substantial differences
in NRM intensities for the site subsets. This is most likely due
to the samples being collected from different along-strike parts
of the same flow where rocks with different magnetic grain
concentrations were sampled. Secondly, there is a clear direc-
tional difference (28°) between the two EB4 site subsets.

Because of this, the site is not included in the outcrop-mean
direction calculation, which in tilt corrected coordinates is
Dec = 14.5°, Inc = 10.3° where N =6, 95 =5.9° and k = 131.7
(Table 1).

Results: Xin Chung

The section adjacent to and just below the village of Xin
Chung, at 29°17.933'N/103°16.466'E, exposes the upper half of
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the main Emeishan Basalt sequence (locally labeled Flows
6-12). the weathered upper part of Flow 12 and the lower
part of the waning zone interval (Xin Chung Member). The
rocks dip toward 285° at 23°. As with the Ebian section
the magnetization is simple; all sites from the main basalt
sequence carry a normal polarity remanence (Fig. 4 and
Table 1), with the following exceptions. One of the six
samples from Site XC4 carries a reverse polarity, with a
ChRM exactly antipodal to the main directional group from
this site. It is possible that this sample was collected incor-
rectly, but it would have to have been inverted, mis-marked
and to then have ‘survived’ the tilt-correction, hence it is
considered unlikely. Secondly, data from Flow 6 (Site XCl)
have not been used to calculate a site mean direction; the
ChRMs for each of the samples from this site are all normal
polarity magnetized but the directions show a smeared distri-
bution. Hence inclusion of the site mean in the outcrop mean
calculation would effectively degrade the dataset. Thirdly,

S N 400
625
100 : ks
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Fig. 3. Vector end point plots (Zijderveld
1967) showing examples of (a) af and (b)
thermal demagnetization data from the
Emeishan Basalts Flow 5 at Ebian; (¢) af
and (d) thermal demagnetization data
from the Xin Chung Member (thin
basalt flow, Sample SQ3.2) at Shuang
Qiao. In a-c, the NRM represents the
initial magnetization, whilst the other
numbers indicate the applied field in mT
and °C. Initial NRM intensities (J, ) are
also shown. Solid/open circles are plotted
on the horizontal/vertical projection
planes.

Down

most of the flows that were sampled at two levels showed
effectively similar directions (e.g. XC8/9 in Flow 10). How-
ever, some paired flow sites showed significant differences
(e.g. XCI11/12 in Flow 12), which is contrary to basic palaeo-
magnetism theory. A feature encountered in several of the
Emeishan Basalt flows are low angle, relative to flow tops/
bottoms, 6-10 cm wide ductile shear zones, which are inter-
preted to mark slump movements of the lava flow as the
body crystallized (the middle-upper parts of the flow being
more likely to be affected than the lower parts). Movement
along such surfaces, post remanence acquisition, might
explain the directional differences between different parts of
the same flow. An alternative explanation of prolonged
cooling/remanence acquisition would require magnetic
blocking to take place over periods of centuries if recent
secular variation rates are used as a guide (e.g. Malin &
Bullard 1981) and thus can be excluded. Because of these
various points, the tilt-corrected outcrop mean direction
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Fig. 4. Magnetostratigraphic summary of the Emeishan Basalts
based on the study of sections near Ebian (crosses), Xin Chung
village (diamonds), Xin Chung Brickworks (open square) and
Shuang Qiao (circles) in Sichuan Province. The bars to the right of
the stratigraphic column indicate the range of each section. Polarity
interpretation: black indicates normal; white indicates reverse.

(Dec =7 16.7°, Inc=8.9° where N=6, a95=14.0° and
k =23.8) has been calculated using only the ‘full’ sites from
the lower part of each flow (Table 1).

Results: Xin Chung Brickworks and Shuang Qiao

Stratigraphically, the nearby sections at Xin Chung
Brickworks (29°31.395'N/103°20.230'E) and Shuang Qiao
(29°20.145'N/103°17.594'E) are very similar and, because they
were sampled at just one and three sites respectively, are
discussed together in this section. The road-cuttings adjacent
to the Xin Chung Brickworks expose the middle and upper
part of Emeishan Basalt Flow 12 and the entire Xin Chung
Member volcanic waning interval. Although the succession is
fresh enough to establish the stratigraphy (Thompson et al.
2001), there are few horizons suitable for palacomagnetism
sampling and only the unweathered mid Flow 12 rocks were
collected (which dip 15° towards 305°). The single site, EM35,
carries a normal polarity magnetization with a tilt corrected
mean direction of Dec = 14.1°, Inc = 5.2° (Fig. 4, Table 1).

The river section just south of Shuang Qiao town exposes a
much fresher sequence of rocks than at the Xin Chung
Brickworks. Three sites were sampled, one on the east side of
the river (SQ1) from Flow 12, and two from the waning zone
sequence on the west bank, in an ignimbrite (SQ2) and a thin
basalt (SQ3). The rocks dip 41° towards 256°. The ignimbrite
did not yield useful directional data. All of the samples from
Site SQI1 yielded simple demagnetization and carry normal
polarity magnetizations. Samples from Site SQ3 showed more
complex behaviour; af demagnetization (to 100 mT) had little
impact and often the magnetic intensity increased with the
applied field (Fig. 3c). Thermal cleaning was more effective,
but as can be seen from Figure 3d, the samples yielded
somewhat noisy demagnetization behaviour. Also at the high
temperature steps (600 °C and beyond) some of the samples
disintegrated or showed large intensity gains/directional shifts
suggesting chemical alteration. Nevertheless, it was possible to
determine ChRM directions for the four samples from this site
which all carry reverse polarities. Both SQI and SQ3 are
counter-clockwise deflected (Fig. 4, Table 1). When the SQ3
site. mean direction is inverted, the two sites yield a tilt
corrected mean of Dec = 336.3° and Inc =21.3°, where the
angular separation is 16.8° (Table 1).

Primary versus secondary magnetization

Together, the four studied outcrops form a composite
section that spans the Emeishan Basalts and the waning zone
sequence. The main twelve-flow basalt pile carries a normal
polarity magnetization, whilst the waning zone sequence (at
Shuang Qiao) records a reverse polarity. Before exploring the
significance of the new data, the previously mentioned “antipo-
dality issue’ needs to be scrutinized as it raises serious impli-
cations for magnetostratigraphic studies of the LIP (and
regional tectonic modeling). It has been suggested (e.g. Van der
Voo et al. 1993) that the Emeishan Basalts normal polarity
sites (clustered with NNE declinations) carry secondary
remagnetizations whereas the reverse polarity sites (with SW
declinations) preserve a primary signal. This is based on the
observation that, when plotted as apparent poles, the normal
polarity directions plot closer to the Triassic pole of the South
China Block than do the reverse directions (three studies
reported in 1986 and the 1993 paper). However, the dataset
underpinning this argument (Van der Voo et al. 1993, Table 1,
reverse polarity site entry numbers 5, 6.3, 7.2 and 8.2) is
somewhat limited. The maximum number of samples for an
individual study, N, is 12; c¢f. Van der Voo’s (1990, 1993)
widely used quality criteria list where it is suggested that for an
individual direction N should greater than 24.

The information and discussions provided by Ma et al.
(1993), Huang & Opdyke (1998) and Thomas er al. (1998)
throw light on the problem, either explicitly arguing or implic-
itly suggesting that the Emeishan Basalt normal polarity
remanence is primary in each of the areas investigated. The
data obtained in this study also suggest the Ebian county
sections record primary magnetizations. Firstly, some of the
paired flow sites from Xin Chung have mean directions that
are quite separate; such dispersion would be difficult to induce
during a remagnetization event. Secondly, the Shuang Qiao
section records almost antipodal normal and reverse polarity
directions within the same section. Thirdly, there is no hint of
a systematic reversed component in any of the normal polarity
sites, thus if the rocks were remagnetized the process was so
efficient no trace of the original remanence was preserved.
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Summary and regional correlations

The magnetization in the Emeishan Basalts in Ebian County is
considered to be primary. The basalt pile is normal polarity
magnetized and this magnetozone is overlain by a reverse
polarity site (SQ3) from the Xin Chung Member. Because the
between-flow intervals are considered to be geologically short
(see Thompson ef al. 2001), the flows must have erupted within
a single normal polarity field state. As a consequence of this
argument, based on Opdyke’s (1995, fig. 1) magnetostrati-
graphic synthesis, the basalts were probably erupted in less
than 1 Ma. Such rapid voluminous outpouring of lava is one of
the distinguishing features of continental flood-basalt (CFB)
provinces (e.g. the Siberia CFB, Lind et al. 1994; Ethiopia
CFB, Rochette et al. 1998).

As discussed above, many palacomagnetic studies have been
carried out on the Emeishan Basalts. However, only two are in
a form appropriate for use in regional magnetostratigraphic
discussions, both being in sequences from western Guizhou
Province around 400 km to the southeast of Ebian. The
composite section reported at Duge (26.4°N/104.7°E; Huang &
Opdyke 1998) is 550 m thick and is made up of twelve units.
Units 1-6 (0449 m) carry normal polarity magnetizations;
there are no data from Flow 7, Units 8-12 (459-551 m) carry

=~ Fig. 5. Correlation of the Emeishan
i ‘§n C. asym basalts from the Ebian County
55 ] composite section (this study) with those
£ Z|C diko reported from Zhijin (Thomas et al.
S5z "— 1998); Duge (Huang & Opdyke 1998);
2 |C. post South China Platform sequences
G at Wulong (Heller ez al. 1995);
=( s and the Mid-Late Permian
g £ ) magnetobiostratigraphic scale
¥ | i (Jin et al. 1998; Mei et al. 1998).
B Magnetostratigraphic/lithostratigraphic
S5 ties are shown with solid/dashed lines. At
i PedEn Waulong, the lithologies are primarily
limestones; shale beds correspond to the

shaded half-column blocks. Polarity
Mag/Blo Scale interpretation: black indicates normal;

(S Chma/Texas) yvhi[e illqiczltcs reverse; ? indicates
indeterminate.

reverse polarities (Fig. 5). An interesting aspect of the Duge
section is that Units 1-6 are proper flows, whereas units 7-12
comprise relatively thin flows (8 and 10) intercalated with
tuffaceous rocks and/or agglomerate or pyroclastic breccia.
Based on lithology, Thompson et al. (2001) correlated the
Emei-Ebian sections with the one at Duge tying respectively
the waning zone rocks (Xin Chung Member) with units 7-12.
The magnetostratigraphic results obtained from the Ebian area
appear to strengthen this link.

In contrast, the section studied by Thomas ez al. (1998) at
Zhijin (26.5°N/105.7°E) complicates the seemingly straight-
forward regional correlation. It is quite different to the sections
at nearby Duge and the more distant outcrops at Ebian (and
Emei) in Sichuan. The 260 m thick volcanic sequence formed
in two distinctive phases separated by a significant period when
20 m of limestone was deposited. As Thomas er al. (1998)
pointed out, the presence of a substantial shelf limestone
package within the middle of the succession required local
subsidence of the sub-aerially erupted lava pile to several tens
of metres or more below sea-level followed by uplift and a
second phase of volcanic activity. The first volcanic episode
comprises two proper flows that are each overlain by volcanic
breccias, whilst the second phase is in the form of three
flows that span 130 m of section. A notable feature of the
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palaeomagnetic data from the igneous rocks (all sites record a
normal polarity) is that the seven tilt-corrected site mean
directions (Thomas ez al. 1998, table 2) appear quite different
from those reported elsewhere in the province (e.g. Huang &
Opdyke 1998), with many being appreciably steeper and more
clockwise deflected. Interestingly, the limestone unit site
(GZ0S) carries a direction (Dec =22.9° and Inc=-22.9°)
more similar to that commonly encountered in studies of the
Emeishan Basalts.

Clearly the quite different stratigraphies (litho- and
magneto-) in the two Guizhou sections indicate that province-
wide correlations should be developed with caution. Unfortu-
nately, there are no other data with which the Ebian area
magnetostratigraphy can be compared in detail. However, the
basic stratigraphic results discussed above, that is the Emei
Basalts carry a predominantly normal polarity. is supported by
numerous tectonically oriented palaecomagnetic works that
have been carried out on the LIP (see the synthesis in table 2 of
Huang & Opdyke 1998).

Emeishan Basalts: age and link to the ‘end-Guadalupian’

Studies of numerous LIPs indicate that they are emplaced
rapidly. The newly obtained radiometric data by Zhou et al.
(2001) provide tight constraints on the age of the Emei Basalts.
However, there are not enough ages to accurately bracket the
interval of volcanism (also the dates are from intrusive rather
than extrusive rocks, and the exact age relations of the two
suites arc not known). Unfortunately, the available bio-
stratigraphic data from the unit and directly associated rocks
provide only a limited relative-age/duration control; the Emei
continental-rift LIP is succeeded by Upper Permian-Lower
Triassic terrestrial sediments whose chronostratigraphic
potential is somewhat restricted. Nevertheless, in recent years
various pieces of information have been published that permit
a relative age/duration discussion for the unit to be developed.

The study by Heller et a/. (1995) provides some of the most
useful data. They carried out a thorough magnetostratigraphic
investigation of three Middle Permian-Lower Triassic
sequences on the western part of the South China platform.
Drawing attention to the limitations of their dataset, they
presented a conservative interpretation and discussion. The
results from the section at Wulong (29°N, 107°E; less than
500 km from the Ebian-Emei and Duge-Zhijin areas,
Figure 1) can be related directly to the Emei Basalt sequences
discussed/ reviewed herein. At Wulong, the lower two-thirds of
the Maokou Limestone (Fig. 5) records a reverse polarity,
whilst the upper 30 m or so of the unit is marked by normal
polarity (Heller ef al. 1995, fig. 7b). The 10 m thick shale unit
marking the lower part of the overlying Wujiaping Formation
did not yield any useful data; the lower 105 m of the main
Wujiaping limestones above carry a dominantly reverse
polarity.

In terms of South China Mid-Late Permian regional
correlations, the major synthesis by Sheng & Jin (1994) pro-
vides a stratigraphic scheme that permits the Emei Basalts
(from Ebian and Duge) to be compared with the platform
sequences at Wulong (Fig. 5). Based on the available data it
would seem appropriate to correlate the ‘Emei Normal® with
the ‘Maokou Normal’. Such a proposal remains consistent
with the observation of Thompson ez al. (2001) where the Emei
Basalts are noted to rest conformably on top of the Maokou
Limestones. More importantly, it enables the Emei Basalts for

the first time to be related to the Middle and Late Permian
magnetobiostratigraphic scale (e.g. Jin er /. 1998). Such a
correlation, when constrained by the detailed conodant bio-
stratigraphic scheme developed from sections in South China
and Texas (Jin er af. 1998, fig. 3; Mei et al. 1998, fig. 1),
indicates that the main Emei Basalts (i.e. the normal polarity
levels) must predate the Mid-Late Permian boundary by a
small but significant amount (1.0-1.5 Ma; Fig. 5). The end of
the Maokou Normal corresponds with the mid Jinogondella
prexuanhanenis biozone and two other full zones (Jinogondella
xuanhanensis and Jinogondella granti) are recognized in the late
Guadalupian before the start of the Late Permian (Lopingian).
However, the reverse polarity waning zone rocks that cap the
Emei Basalts can probably be regarded as representing a more
explosive volcanic phase than the underlying lava flows. Thus
the idea that Emei LIP volcanism and the ‘end-Guadalupian’
crisis are ‘cause and effect’ related (e.g. Coutillot 1999; Wignall
2001) remains a viable hypothesis. However, it would require
the ‘cause’ to be the later/terminal phase of volcanism.

Conclusion

A magnetostratigraphic  investigation of the Permian
Emeishan flood-basalts has been carried out on a composite
sequence, comprising two extended sections and two short
sequences, around 50 km south of the type area in Sichuan
Province, SW China. The bulk of the lava pile (twelve flows
spanning 175 m) was erupted during a single normal polarity
field state. The rocks generated during the Emeishan Basalts’
terminal phase were magnetized during a reverse polarity field.
The data support observations from other LIPs in which
magma generation occurs typically within one to two million
years (probably 0.5-1.0 Ma in the case of the Emei LIP). The
section at Ebian-Xin Chung can be correlated with the only
other section that has been studied in a similarly detailed
fashion in Guizhou Province, some 370 km to the SE (Huang
& Opdyke 1998). However, we note that a second sequence in
Guizhou (Thomas et al. 1998) cannot be correlated; neither the
stratigraphic succession nor the magnetic polarity data can be
matched.

Using magnetobiostratigraphic data from the nearby South
China Platform, the ‘Emei Normal’ is correlated with a normal
polarity magnetozone associated with the upper part of the
Maokou Limestones. Using the Permian magnetobiostrati-
graphic scale, it indicates that the end of this normal polarity
chron predates the end of the Guadalupian by at least two
conodont biozones. Hence the bulk of the Emei LIP volcanism
appears to have occurred 1.0-1.5 Ma. before this global extinc-
tion event. However, it is possible that the LIP’s volcanic
waning phase is linked to the event; the generated rocks are of
a more appropriate relative age and are characterized by
explosive lithologies. Thus their eruption could have severely
impacted the end-Guadalupian Earth-Ocean—Climate system,
which in turn could have led to the biotic crisis.

Future magnetobiostratigraphic studies of other Emel
Basalt sections and South China Platform sequences should
elucidate the basic stratigraphic relationships deduced by this
study. The end-Guadalupian marked an important time in
Earth’s history, and establishing the exact link, if one exists,
between it and the Emei Basalt LIP is critical for geological
investigations of rapid planetary change.
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