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Quantitative stratigraphy of the Wufeng and Lungmachi
black shales and graptolite evolution during and after the
Late Ordovician mass extinction
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1 Introduction

The Late Ordovician mass extinction, the second largest (in terms of species lost) of the five major
events in the Phanerozoic, is estimated to have eliminated 86% of species (Jablonski, 1991). Recent
studies from South China also indicate that this event eliminated at least 75% of genera of marine

animals (Rong et al., 2007). The patterns and processes of mass extinction of graptolites (Chen et al.,
8
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2004a, 2005a; Fan and Chen, 2007) have been described based on high-resolution sampling in South
China and quantitative biostratigraphic methods. However, there are still several key issues to be
addressed, one of which is the effect of sampling intensity on the diversity curves, and the second is the
patterns and processes of graptolite recovery from the mass extinction. When we conducted the
analyses published in 2005 and 2007 (Chen et al., 2005a; Fan and Chen, 2007), the graptolite fauna in
lower Rhuddanian strata in South China had not yet been systematically studied (Fan and Chen, 2007),
so we were unable to make meaningful interpretations of graptolite evolution in the early Rhuddanian,
even though the curves were already extended into that interval.

In the present paper, we present data from 19 late Katian—Rhuddanian sections from South China
as a composite section. The graptolite faunas from late Katian to early Rhuddannian have been
systematically studied and described by Chen et al (2005b) and the present authors, and the recent
systematic work by Storch et al (2011) and Melchin et al (2011) is utilized in the present study as well.
We also make significant improvements to a program for graphic correlation, SinoCor, so that we can

conduct the compositing more efficiently... ...

2 Localities and descriptions

For the present study, we employ a large compilation of ranges of graptolite species and genera based
on data from 19 densely sampled sections in the Yangtze region of South China archived in the
Geobiodiversity Database (GBDB, http://www.geobiodiversity.com; Fan et al., 2013) (Figure 1, Table
1). Shaw proposed the term “species level” to measure the thoroughness of sampling at a section (Shaw,

1964), which is equal to the term “species occurrence” used herein... ...
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Figure 1 Geographic map showing the localities. The map was generated through the online function for geographic
visualization, GeoVisual 1.0. 1. Qinglongzui, Changning County, Sichuan Province; 2. Bainida—Sanhuai, Xishui County,
Guizhou Province; 3. Yangliugou, Renhuai City, Guizhou Province; 4. Honghuayuan, Tongzi County, Guizhou Province; 5.
Lanmaxiang South, Qianjiang District, Chongging Municipality; 6—7. Miaolinwan West and Central, Qianjiang District,
Chongging Municipality; 8. Lujiao, Pengshui County, Chongging Municipality; 9. Shichang'ao, Yanhe County, Guizhou
Province; 10. Fengxianggiao, Huangfan Township, Guizhou Province; 11. Ludiping, Songtao County, Guizhou Province; 12.

Guanwu, Hefeng County, Hubei Province; 13—-15. Wangjiawan North, South and Riverside, Yichang City, Hubei Province; 16.
9
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Fenxiang, Yichang City, Hubei Province; 17. Guantangyuan, Wuning County, Jiangxi Province; 18. Xiaotan, He County, Anhui

Province; 19. Gaojiabian, Jurong County, Jiangsu Province.

Table 1 Overview of the 19 sections studied.

Section ID in GBDB

Section name

Duration

Overall description

5260 Bainida-Sanhuai Hirnantian—Rhuddanian 13 taxa, 17 occurrences
5252 Fengxianggiao Katian 20 taxa, 33 occurrences
2082 Fenxiang Katian—Rhuddanian 72 taxa, 126 occurrences
1989 Gaojiabian Hirnantian—Rhuddanian 32 taxa, 102 occurrences

6 Guantangyuan Rhuddanian 23 taxa, 72 occurrences
5251 Guanwu Katian—-Rhuddanian 30 taxa, 68 occurrences
2083 Honghuayuan Katian—Rhuddanian 73 taxa, 350 occurrences
5263 Lanmaxiang South Katian—Hirnantian 16 taxa, 34 occurrences
2080 Ludiping Katian—-Rhuddanian 63 taxa, 368 occurrences
5264 Lujiao Katian—-Rhuddanian 18 taxa, 25 occurrences
5313 Miaolinwan Central Katian—-Rhuddanian 27 taxa, 51 occurrences
5257 Miaolinwan West Katian—-Rhuddanian 25 taxa, 76 occurrences
5254 Qinglongzui Hirnantian—Rhuddanian 10 taxa, 17 occurrences
5262 Shichang'ao Katian—Rhuddanian 31 taxa, 58 occurrences
3000 Wangjiawan North Katian—-Rhuddanian 82 taxa, 526 occurrences
5316 Wangjiawan Riverside Katian—-Rhuddanian 45 taxa, 185 occurrences
7871 Wangjiawan South Katian—-Rhuddanian 89 taxa, 418 occurrences

54 Xiaotan Rhuddanian 12 taxa, 25 occurrences
5269 Yangliugou Katian—Hirnantian 22 taxa, 35 occurrences

3 Methodology

3.1 Graphic correlation

It is the geologists' task to make the best use of the fossil range data in the strata and to construct a
temporal metric with the most sensitive, precise, and accurate scale attainable. Quantitative
biostratigraphic methods provide the methodology to use the order and position of biostratigraphic
events in local sections to reconstruct an estimate of actual original sequence (Agterberg, 1990)... ...

3.2 SinoCor 4.0

In the present study, we use SinoCor, a program designed in accordance with the principles of graphic
correlation. The program was first designed by Fan and Zhang (2000) and two subsequent updates
were made by Fan et al (2002) and Fan and Zhang (2004). In order to conduct the present analysis, we

made significant additions and improvements to SinoCor... ...

3.3 Data preparation

To begin constructing a composite standard (CS) database, the available data must first be inventoried
(Carney and Pierce, 1995). In the present study, the local stratigraphic range observations from the 19

10
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localities were compiled into the GBDB database (Fan et al., 2013). Then we used the ‘Opinion’
function to update the taxonomic assignments of fossil occurrences in each collection from every

section... ...

4 Discussions

4.1 Do different methods of correlation produce meaningful differences in the CS?

As indicated above, there are several quantitative methods presently available, such as Graphic
Correlation, CONOP, RASC, Unitary Associations, and Horizon Annealing (HA). The HA method was
developed by Sheets et al. (2012) based on the conceptual approach used in CONOP... ...

4.2 Do different selections of the SRS markedly affect the CS?

As demonstrated by many experts, the selecting of the SRS will generate significant influence on the
sequences and positions of bio-events in the final CS. Accordingly, Carney and Pierce (1995) proposed
the four criteria for the selection of the SRS... ...
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