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Fig.1 “Knotty nodular”sedimentary sequences of Dalung Formation of late Permian in northern

Sichuan and southern Shaanxi Province
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Tablel. Chemical composition of “Knotty nodular”
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Fig.2 X-—ray diffraction map of “Knotty nodular”
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Fig. 4 Carbon and oxygen isotopes ratio varition in “ Knotty nodular” and the surrounding
rocks of Dalung Formation in Guangyuan, Sichuan
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Table2  Carbon and oxygen isotopes in “Knotty nodular”
and the surrounding rocks
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Fig.5 Diagram to illustrate of “Knotty nodular”evolution
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A DEEP WATER SEDIMENTARY CRITERIA
“KNOTTY NODULE” AND ORIGIN
Jin Rougn
(Institute of Geology, Chinese Academy of Geological Science, Beijing)
Abstract
The “knotty nodule” of Dalong Formation of Late Permian in Northern Sichuan and Sorthern Shasnxi

Province are composed of siliccous—rich nodules and clay—rich matrix. They may have two differ sedimentary
sequence: One is type of Northern Sichuan, which is mainly distributed to Northern Jiangyou,
Guangyuan, and Western Wangcang region in Northern Sichuan: The other is type of Sorthern Shaanii,
which is distributed to Xixiang region in Sorthern Shaanxi (Fig.1) .

The “knotty nodule” and the surrounding rocks are dark colored thin to medium—thin bedding micritic
limestone, siliceous micritic limestone, radiolarias siliceous rock, siliceous rock, argillaceous limestoneand
shale (or mudstone) etc. with horizontal and rhythms bedding, part rich in organic ous materials and pyrites
(or nodule) . In the “knotty nodule, * the biota is characterized as abundance planktonic faunas such as
radiolarias, ammonoids, condonts and thin— shelled brachiopods and a few foraminifers, ostracods,
calcisphers and sponge—spiculite etc. According to sedimentary characterxs and faunal studies, the®knotty
nodule” and the surrounding rocks may suggest deposition in outer shelf to basin environment, with
waterdepth in the 100 to 200m or 300 to 500m range and under normal salinities.

In accordance with origin and texture, the“knotty nodule” may be divided into three types, e.g. knotty
nodule (discontinuous), continuous knotty nodule and flaser knotty nodule (or flaser structures) .

The knotty nodule is mainly distributed to upper part of Dalong Formation in Xixiang, Shaanxi
Province. It is composed of dispersion nodules and rich in lime—muddy matrix. These nodules are dark grey
siliceous— bering micritic limestone, and usually are irregular and lenticle nodules. The continuous knotty
nodule is distributed to upper and lower part of Dalong Formation in Guangyuan, Sichuan Province. They are
silica—rich siliceous micritic limestone, radiolarias siliceous rock, in which the nodules preceded to the inter-
locking coalescence to nodules layer of semi—continuous or continuous. In general, the continuous knotty
nodules inerleaved with more distortional siliceous shale layers and exhibit a certain rhythm structure. The flaser
knotty nodule consist of small lime—siliceous ellipsoidal bodies or lenses (or flaser nodule) surrounded by
siliceous— rich solution seams. The most flaser nodules are the comparatively high degree of preferred
orientation, and neariy paraliel to bedding. In many cases, both flaser nodules and the adjacent solution
scams have abundent radiolarias. Within these nodules, the radiolarias are random bioturbated fabric, that it
was locked in place by carly cementation, whereas in the surrounding solution secams of nodules have the pre-
ferred alignment of radiolarias elongate grains. These are formed by the surrounding matrix remained
unlithification during burial and may even have flowe plasticully around the hardened nodule during
compaction. The solution seams may cut across primary depositional features such as bedding planes and omis-
sion surface, and they cut and truncate burrows. In many flaser knotty nodules, the solution seams form a
secondary matrix to nodules, and seams are distorted around or cemented nodules.

Carbon and oxygen isotope data (table 2, Fig. 4) indicated that the “knotty nodule” and the sur-
rbunding rocks were formed by submarine diagenesis cementation,. which were in the direction of equilibium
with ambient colder bottom water than the surrounding sediment. This data is very similar to carbon and oxygen
isotopes of the nodule, chalk nodule and hardground by the Cretaceous—Tertiary of the Caribbean (Deep Sea
Drilling Project ) and by the Cretaceous of the Northwest—European (Fig. 5)
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As noted above, f{rom the characters of sedimentary, carbon and oxygen isotopes in the “knotty nodule”
lead to the following conclusions about their origin:

1, The knotty nodule produced by sca floor early diagentic cementation, in which the pause in pelagic
sedimention and closer to the sediment—water interface.

2, The continuous knotty nodule is formed by diagenesis associated with a longer pause in deposition,
leads to development and groth of nodule in soft sedi ment as well as a link up of nodules and further
lithification.

3, The flaser knotty nodule are clearly of post—depositional origin, that is formed during late bunal
diagenesis in response to a combination of dissolutional and compactional processes.
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