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ON THE PERMIAN/TRIASSIC
BOUNDARY EVENTS

Absract

Aalmost ten years have past since the Permian/Triassic boundary was studied as an event, but
there are no imperative views on the cause of the event. However , the terrestrial voloanic eruption
and extraterrestrial impact are considered as two possible mechanisms. In order to find out the
event’s nature, we systematically studied 11 Permian/Triassic boundary sections in South China with
various methodes, and compared them with the samples from North China and Pakistan. The meth-
ods we used include Neutron Activation Analysis, General Optional Microscope , X — ray Diffrac-
tion, Electron Microprobe Analysis, Electron Micro — diffraction , Scanning Election Microscope,
Méssbauer Spectrometry , Sulfur Isotope Mass Spectrography, Strontium Isotope Mass Spectrogra-
phy, and Cathodoluminescence, etc.

This paper covered sedimentary environments, event sedimentary model, microspherules at the
boundary clays, shock quartz and stishovite, element seochemistry in various sedimentary rocks at
the Permian/Triassic boundary, abundance and anomalies of sulfur and strontium isotopes across the
boundary section in Changxing, difference between boundary and non — boundary clays, element
aboundances of various material facies in clays at and near the P/T boundaries, a unique detritus in
boundary clay and its souce and formation, etc. Through the discussions of the above subjects , a
mixed model on the P/T boundary events is proposed, i.e., the P/T boundary events are synthetical
effect of extraterrestrial impact and terrestrial volcanic eruption. Some main research subjects are in-
troduced as follows.

1. Boundary Event Sedimentation

An impact events sedimentary model is discussed on the basis of sedimentary changes across
various environments of P/T boundary sections in South China. The environmental changes caused
by boundary events relate to the environmental background before the events. High temperature, an-
oxic system, and regression are general trend of environmental changes after P/T boundary events.

2. Microspherules

Up to 13 types of microspherules are discovered at and near the P/T boundary clays. Among
them, sanidine, chromium spinel, and rutile microspherules may be directly originated from the as-
teroid impact, while the formations of apatite, pyrite and organism microspherules relate to the sedi-
mentary and Bio]ogical processes. However, the formation about ferrite, ferri — stone, silicate, cal-
careous silicate and silisic microspherules is not clear ,but they must have the same cause . Before

the spherules were formed, they could have experienced an initial differentiation, occured in a high
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— temperature cloud, which might relate to impact or to volcanic eruption.

Chamosite and illite microspherules in boundary clays are alteration products of ferri — stone
and silicate vitreous microspherules on the sea bottom.

3. Shock Quartz

The debris of quartz in the P/T boundary clay in Yegang section, Huangshi, Hubei, belongs to
a Low — grade metamorphic quartzite. The lamellae consisting of glass are found in many quartz de-
bris. The lamellae directions are along 2 to 3 crystal faces. There are inserting crystalline quartzs in
glass facies, which is a typical feature of shock quartz.

In addition, there are also much stishovite crystallite ( < lum) in glass facies,. Two main
crystal face interval distance (2.96 A and 1.55 A) of stishovite are all determined by X ~— ray dif-
fraction and electron diffraction .

The discovery of shock quartz and stishovite in boundary clay indicates that these debris of qu-
artzite could have experienced over 100 kbar pressure.

4. Element Geochemical Anomalies

The iridium anomaly at the P/T boundary layers seems true. The abundance of iridium from
different sections change from 0.03 to 0.6 ppb, at least 5 time higher than the background value of
the Limestone in Permian. However the anomaly appeared at the black shale near the boundary, in-
stead of boundary clay. Hence , a large fraction of iridium may come form the enrichment processes
of organism. But the high flux of cosmic iridium also play an important role in the formation of iridi-
um anomaly .

The siderophile and sulphophile anomalies at and near the P/T boundaries may be a result form
anoxic environment. The abundances of lithophile elements in Triassic are higher than those in Per-
mian. It may be caused by a major regression of the sea.

5. Sulfur and Strontium Isotope Anomalies

There is a & **S positive anomaly in.P/T boundary clay. The & *S in pyrite of limestone in Per-
mian are —6.6%o to —9.2%o, while the 8*S is —0.6%o in pyrite of limestone in Triassic. In the
sypsum of boundary clay . the & %G is +25.7%o in Changxing, and + 43.1%o in Nammal , Paki-
stan. The sulfur isotope positive anomaly and the carbon isotope negative anomaly may reflect then
same event. They are all the result of anoxic environment and enrichment of organism.

The initial strontium isotope ratio (¥'Sr/ ¥Sr) . across the P/T boundary has a large rise from 0.
70738 in the limestone at the top of Permian to 0.71501 in marlite at the bottom of Triassic. This
change may be related to the increase of continental weathering area and erosion rate caused by acid
rain and fall of sea level.

The initial strontium negative anomaly at the boundary clay [(¥St/ *Sr) =0.70384] indicates
that the original rock of this clay is different from normal sedimentary rocks.

6. Unique Detritus

The grey green illite detritus with specularite rust are found at the boundary clay in Yianshi,
Longxing, Hujiang and Yegang, Huangshi, Hubei. These unique detritus showes unfractionated
REE patterns, and high abundances of large ion lithophile elements. Besides the illite , there are
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also pyrophosphorite, granuline, christobalite in boundary clay, which are resistent to alteration.
When the Rb input in alteration process is considered, we set a model age of these unique detritus
of about 4000 Ma. These detritus may be a product of impact spattering from the moon. Their proto-
lith is suspected as a mixed material of KREEP or Framono basalt and lunar highland anorthosite .

7. Difference Between the Boundary and Non - boundary Clays

Although there is much similarity in the major elements, there are also some differences in
trace elements, especially, the REE patterns, between the boundary and non - boundary clays.
Compared with the non — boundary clays, the boundary clays have smaller negative Eu anomalies
and larger La/Yb, La/Sm, and Tb/Yb ratios. The boundary clay , in addition, is also more stable
than the non — boundary clays. Thus, although formation of the boundary clays was undoubtedly re-
lated to volcanlc activity, that was not the only factor affecting formation of the calys. The source
rocks of boundary clay may be a product from a mixture of acidic — intermediate volcanic ash and
upper crust matter spattered by an impact event, the mixing coefficient is about 1:1. Non — bound-
ary clays, on the other hand , are made mainly of volcanic alteration products.

8. Elemental Analysis of Various Facies in Boundary Clays

Besides montmorillonite — illite and various miergspherules, there are also many minerals of
quartz and gypsum and detritus of sedimentary and metamorphic rocks in boundary clays. The INAA
results of these detritus in boundary clays from different sections indicate that except a few detritus of
sedimentary rocks, a large amount of detritus (including sedimentary, metamorphic rocks and quar-
tz) may be from outside South China ,because their REE patterns are similar to the pattern of upper
crust , and have a large difference in REE from the sedimentary and volcanic rocks in South China.
It is very possible that these detritus are spattering products by impact.

Besides the above detritus , there are a few pyroolastic material and pyrogenetic mineral (in-
cluding hexagonal bipyramid high quartz , and idiomorphic apatite, zircon) in boundary clays.It in-
dicates that the formation of boundary clay relates to the volcanic eruption at the same time. Hence,
the P/T boundary events get a further evidence to hold a mixed events by extraterrestrial impact and

terrestrial volcanic eruption.
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