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(FAD) SR HBUZ AL (LAD ) 7EAS A ] T _E 1] g
FEER, QFHMABEMBBRENZER. (3
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Diagram illustrating the principle of graphic correlation

BEAEAR(CSS) REBE A HERFT, AL IRARS LK L & i 5
— I, < e o3 BRI — 43 2 TRy B K B (Base ) I
R (Top)

Abscissa represents composite standard sequence (CSS): Ordinate
represents section that is compounding with CSS; Dot represents

FAD of species and crosshair represents LAD of species; LOC repre-

sents line of correlation
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HABHTA $IER T L&/
R || #4509 || S84 o HHLOC|| #ldmey || RAssede || Fmsde || 4R
LN &2 [RE 1PN #rde || Aotk 94 4 4y th s

HE 2 SinoCor 1.0 YL MRt

The diagram showing module construction of SinoCor 1.0

Spedes [MQQE Basef Tap I&JI Beesal Tap ECo[ EaﬁaE Top icﬂamf Top [Col Beas] Tap ¥
U.sincdentatus 1 3138 3648 1 3061 3061 375 17.35 339 0 0 0
U austrodentatus 2 29 3178 5253 12 2679 3298 12 1435 2255 2 339 371 0 0 0o
U. reflexus 3 2 4231 4481 1 3184 B4 1 1745 1745 0 O 0 00 0
U, formosus 4 10 3385 5259 b 2977 3699 5 15685 1795 1 3716 3716 0 O 0
U uniformis 5 5 4231 5259 4 2977 3298 0 0 0 00 0 0 0 0
U sinicus b 5 3385 4911 2 3061 3225 2 1745 1795 0 O 0 00 ]
U rigidus 7 6 3598 4058 4 2977 3298 1 1555 1655 0 O 0 00 0
U, nanus 8 4 3385 4414 4 3061 3298 B 1695 2075 0 O 0 00 0
Usp A 3 5 3598 52h9 5 2716 3298 3 1595 1595 1 3216 3716 0 © 0
G. amlpus 10 11 3138 3598 21 2623 5298 15 1375 1875 2 339 362 0 O 0
C. giganteus 114 3225 3858 6 2679 3263 5 1515 1695 0 O 0 00 b
¢ ordovicucus 129 3225 4271 14 2748 3376 12 1435 2215 1 333 339 0 O 0
G. firmhriath 133 4271 4551 0 0 0 ¢ 0 4} v 0 1} 0 v ]
' fwoe 0o owvw v o O 00 0 00 O
0 0 O 0 00 0 n o 0 nao 17 LY i]
03 0 13 0 0 1] 0o i] 0 0 0 00 0
0 00 0 00 0 g0 0 o0 i} 0" 1]
0onon 1 Do i 0o 0 00 0 00 0
000 0 0D 0 0o 0 00 1 0 n 0
00w 1] 0w f 0o 0 D0 i} 00 0 Y
+! 1 Y
(Open] (Savel [ OK 1 KCancel

il 3 SinoCor 1.0 fy%dEHI N S
The interface of data input in SinoCor 1.0
FPAH S AR A BORL T RS A K IE8 FRIE(1994) . Species — Ffi4% s No —— /3 HIGHY J7 515 7E
3BT A BARRIR AN 6 4 73 28 #1585 Co TR HITHY R BRI B,
Open YA N WA B S Save — {147 4 BT A8 & S04

In the table there have already been three sections = data which are quoted from Zhang Yuan-dong and Chen Xu

(1994) . Species: name of species: No: ordinal number of species. it is employed to sign different species: Co: col-
lection of samples: Base or Top: FAD or LAD of species; The four buttons on the lower part of the interface.

Open: Save: OK and Cancel. will provide open and save functions
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. Open - -
File Name: Directories:
fanl_cor I d:\applica\designer\samples
K3 = d\ #
& applica
& designer
. % samples
Dﬂead Only
53 ¥
List Files of Type: Drives:
IIexl Files (*.cor) |ﬁ | d: ac |_g,!

fHE 4 SinoCor 1.0 BRI AN THREF A Open B [

The Open window of the data input function in SinoCor 1.0

m! ““““““ . ‘ Save As
File Name: Directories:
|fﬂn1 .cor | d:\applica\mouse
& d\
(= applica
2> mouse
[JRread Only
*
Save File as Type: Drives:
Eﬁ%ﬁ% g jﬁ | = d: ac 23]

fHE S SinoCor 1.0 (R AT AE A Save B [

The Save window of the data input function in SinoCor 1.0

INAEBR.

a- FES IR EL A AN 1 T P 2 5 Base 5 Top
HAS ) AN B AR &R rp . X —ThEE
HEHLA T

b EFEATEER) AT LMELMERL G M R, i
PP HRAEBRNARR 2 P A E R E . 1 RO
BURRVE TSI, A AR AEAR b SX 073 O 1)
T A,

oA P s HR A AT AR BT AR
TEBRRE BV R AR FR s R A A A 2 5
wnp A AR E R PR R AR IS, X — Bk
I A SEIRAE A 6 B O RE 3 BT A AL R A T 0 A
b, B XENAEN BRSNS R
2 R FE BN EN S — i b, R RIS A 3 BR X

2R MANTRE N R A el i, ok, B3k
R BN PE R DA T i A B e A )

e RHEXTH TR, AL, TEARARR T
77 [t 2x R % B 5 R AL R 8K

d- 5 AR B EHRE R A 2 S EE T .
XLt ENL A 3 E K.

e- HE FIRTAE T T —RME A X,
FoAaR i T WoR 4 AT A 25 SR A7 (R 5cs
ANThE.

f. EE,

(3) Hmmh B, GG T Y TR

a- HR7Y H 0 A ) B AN 2 R 1 ST
WX R A S RE S b O M R p < B Y 4y
MrAIAbHE F B
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File Draw Adjust View About

15
Species: U sinicus
" — Base
40 + —Top umber: 6
+  BaseorTep: 49.11 32.25
35
Unselected!
+
30
25
20 . : . . . .
25 30 35 40 45 50 55
X=1.6747183738228 VY- 13.3883950821117 r= .949997065414951

18/ 6 SinoCor 1.0 Ay ¥dfz 4L BN 7347 HH T
The interface of data process in SinoCor 1.0
A AR T B HRHET 1 CSS PURARMUER S INZIR S BT, bR R4 EJ7 TR w7 BRI 3 00 st ARV TR 42 7
e A bR UETF FUR S AT LA RO R CHE T . AR R T2 BIR R ELER(LOC) p 77 BRI & M AR 2 %
The horizontal axis represents CSS and the vertical axis represents section that is compounding with CSS- Crosshair or dot marked
with circle means it has been selected- Some useful information is shown on the upper part to the right : Species: No, Base or Top val-
ues that current dot or crosshair represents: whether the current dot or crosshair has been selected- Under the coodinate; there is the

equation of LOC and similar coefficient

w L ORIV b EEXEHRFTEIHLE S . BT SinoCor
The output of results 1.0 HEAKHM T Windows 355, (R 0] LS FEAT A

No Base Top Base Top Base Top Windows 3. x £ £F B9 ¥ EF L 28 &Y, 41 Epson
1 31.38  38.002 30.097 38.263 28.425 38.263 LQ1600K ,Cannon 210sp HP DJ200 HP 4L %, #H
2 30.913  52.59 30.913 52.59  30.913  52.59 K 7 2 H| FH SinoCor 1.0 A4 ¥ EJ T £ & 1 2] HP
3 40.284 44.81 37.291 44.81 37.291 44.81 LaserJet OL UG EPNLES—10 35,
4 33.85 52.59 33.85 52.59  33.85  52.59 5). SinoCor 1.0 & HF PC RYIAFHAEN.
5 36.443  52.59  36.443  52.59  36.443  52.59 W E R 486 D) R pLAEL AM LB AR SinoCor 1.0
6  33.85 49.11  33.85 49.11  33.85 49.11 B2 sk 3.257 1. 44M My ik dE, B T
7 35.98 42.399 33.507 42.399 33.597  42.399 SM A 7 2 ], 20 %hé 7ﬁwlndows 3.x,
8  33.85 44.14  33.85 4414  33.85  44.14 6. SinoCor 1.0 #yiz17, $H47 SinoCor 1.0 A 2L
9 316 52.59 31.6  52.59  31.6  52.59 AIMAES WA 7,
10 29.874 42.399 20.874 42.399 29.874 42.399 7). SinoCor 1.0 lﬁ‘]ﬂf(ﬁ SinoCor 1.0 Eﬁﬂ:ﬁ
11 30.913 41.861 30.913 41.861 30.913 41.861 ZREBER U E AR B R R
12 32.193 43.847 31.264 46.429 31.264 46.429 G BR G A E A AR [ AR SL B BEE . TR RN
13 42.71  45.51 42.71 45.51 42.71  45.51 GONASNEE  HZEARBUNTT K O B B e

SUHL It R W AT 5 BT A RL 8 BT 2 B SineCor 1. 0
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AR SR S A
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WA EH e mA2E
SBAEERNTE A A AT A

!

IR . T A
vA R LOCF #2644 5.

RLOCHA, Bxat
WAL fedn 4 A 4K

RELAF A0
B2 phgh 21

%

##il®l 7 SinoCor 1.0 fyFREA 2 &
The basic flowchart of SinoCor 1.0

(5 B A PR T b R S i R (AL EE X SinoCor %X
8)- SinoCor 1.0 fAy3KHL, FFZAFH SinoCor 1. FFMIF ). I 5EZE IR, (5 HhE A E B} =B f

0 A RATTA] S b E R B o s B AE A S BT B AR IS BT (210008 ), E-mail #1417 jxfan

BHEACSCE B A NI R . TEfH ) P aniB 8 A4 SCaiik @jlonline- com Al ydzhang@jlonline- com,
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SINOCOR 1.0, A BIOSTRATIGRAPHIC PROGRAM FOR GRAPHIC CORRELATION

FAN Jun~Xuan and ZHANG Yuan-Dong
( Nanjing Institute of Geology and Palaeontology, Chinese Academy of Sciences, Nanjing 210008)

Key words  SinoCor 1.0, Graphic Correlation. Visual Basic: Programming

1 Introduction

As a method for quantitative biostratigraphic analy-
sis; graphic correlation has been widely applied not only in
drillhole biostratigraphic analysis in the Mesozoic and
Cenozoic,> but also in stratigraphic correlation of Paleozoic
outcrops: SinoCor 1.0 is strictly designed in accordance
with the principles of graphic correlation and therefore can
be effectively used in stratigraphic analysis of fossiliferous
sections of any age-

Several microcomputer programs for graphic correla-
tion in biostratigraphy . such as GraphCor (Hood. 1986)
and StratCor (Gradstein. 1990) etc., have been pub-
lished and adopted widely - Most of them were designed by
oil companies and used in drillhole biostratigraphic correla-
tions in oil exploration- The present authors have applied
these graphic correlation programs to Ordovician research
in South China and found problems. First, users often
have to do a large amount of calculation: and once the
users make errors, they will have to repeat the process
from the very beginning- Second; these are difficulties in
operation, such as no use of a mouse:; no graphic inter-
face, and so on- Third, they don 't support some common
printers and also cannot output delicate diagrams for publi-
cation- Therefore we have programmed SinoCor 1.0 with
the following advantages: (1) SinoCor 1.0 possesses in-
teractive graphic interface- It supports both keyboard and

mouse; (2) SinoCor 1.0 supports more types of printers

and it can output raw data, intermediate results and final
results in tables or figures- (3) SinoCor 1.0 has a simple
and clear interface and is very easy to use- Users need on~
ly to input data in tables and give a few instructions- For
example. compounding of 30 sections and 60 taxa can be
completed in one workday- Most of the time is spent in

inputing data-
2 Principles of graphic correlation

Traditional biostratigraphic correlation methods may
introduce some deviations- These deviations could be
caused at least by the following factors- (1) Horizontally
inhomogeneous distribution of the fossils- Due to different
preservations, the FAD (first appearance datum) or LAD
(last appearance datum ) of a species may be different
from one section to another- (2) Difference in exposure of
different sections- (3) Inadequate collecting- (4)
Misidentification and synonym and homonym problems-
(9) Reworking of fossils- In order to eliminate such devi-
ations, several methods had been used before- Shaw
(1964) first proposed the graphic correlation method
while establishing a composite standard sequence (CSS)
by means of compounding many sections within one sedi-
mentary basin- It was simplified to graphics by Miller
(1977) and its reliability was verified by Edwards
(1984). After that, the graphic correlation method has
been widely used in biostratigraphic research (Sweet:
1984 ; Sweet and Tolbert, 1997 ; Kleffner, 1989, 1995;
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Cooper and Lindholm. 1990; Cooper. 1992: Zhang
Yuandong and Chen Xu. 1994; Zhang Yuan-dong:
1995; Carter et al-> 1995; Grubb and Finney, 1995;
Klapper and Kirchgasser; Macleod. 1995: Mann and
Lane, 1995; Melnyk, 1995; Finney et al-, 1996).

The principles and procedure of graphic correlation
are briefly narrated as follows-

1). Data should be reduced to tabular form- The
range of each species consists of two data points: Base
FAD and Top LAD. These data will be used to calculate
the number of species in each section. the number of
species  levels and so on- All the data must be arranged in
a 2-dimensional table so that they can be transferred easily
to the succeeding analysis-

2). Select the best section as reference section- The
criteria for best reference section are listed here- a- The
thickest section and the longest time interval represented
b- the best exposed section with simplest structure; c-
most abundant faunas with high diversity; d- fossils have
been collected in most detail; e- fossils are well preserved
and well studied- The more the reference section fits these
criteria, the less the deviation of graphic correlation will
be-

3). Use the same criteria for other sections-

4). Plot and compound- Establishing a 2-dimention~
al coordinate system in which the horizontal axis repre-
sents the reference section and the vertical axis represents
the second best section- Plot the species that both of the
two sections share into the coordinate system- The Base
values and the Top values of each species compose two dif -
ferent points- The correlation equation of the two sections
and the LOC (line of correlation) can be acquired accord-
ing to some reliable points- Then the values of the second
section should be plotted into the reference section through
the correlation equation so as to obtain the composite stan-
dard sequence of the first two sections (CSS1-2). The de-
tailed procedure of plotting is: if the Base value of some
species in the second section extends downwards of that in
the reference section or the Top value in the second sec-
tion extends upwards of that in the reference section; it
should be used to replace the corresponding value in the
reference section after translation through the correlation
equation (Textfig-1)-

What should be paid special attention to is: while
calculating the correlation equation, the questionable
points, such as points obviously deviating from the array s
often come from some misidentified or incompletely-col-

lected specimens-and should be excluded.

The correlation equation can be calculated by
20— (x—x]
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where x represents the coordinate varition of the reference

y =yt (v~ x)or

section, y represents the coordinate varition of the second
section; x and y represent the mean values of x or y-
During the correlation; it is assumed that the accu-
mulation rates of the two sections are simply linear corre-
lation, but in some cases they are not typically linear and
insteadly are brokenine or even curvilinear- So we should
verify the rationality of linear simulation by way of a linear

correlation coefficient - The coefficient can be calculated by
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9). Take CSS1-2 as the horizontal axis and the
third best section as the vertical axis, repeat step 4 to ob-

tain CSS1-3.
Repeat above mentioned operations and the CSS1-n,

the composite standard sequence of the first turn, will be
established-

6). Adjust the CSS1-n. The CSS1-n should be taken
as reference section and sections 2 to n should be com-
pounded on it one by one- The adjustment should be re-
peated until the composite standard sequence remains sta~
ble-

While compounding many sections in several basinss
the users should compound the sections in the same basin
first to establish the composite standard sequence (CSS)
of each basin and then compound the CSSes because the
sedimentary rates may be greatly different and FAD and
LAD of some species may deviate between different

basins-
3 Modules and Structures of SinoCor 1.0

The design of SinoCor 1.0 was bequn in 1997 and
finished in early 1998. During the designing of it, four
principles were involved-

1) Programming language
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SinoCor 1.0 is written in Visual Basic programming
language and designed for Windows-

Windows 3- X is the most popular operation system -
It has convenient graphic interface, much better down-
ward compatibility and is easy to operate- It is obvious
that programming languages under windows 3-X such as
Visual Basic 3- 0 for Windows 3. X will be better for
SinoCor 1. 0. The present SinoCor directly runs under
Windows ’ graphic circumstances and adopts interactive
graphic interface and fits our initial design requirements-
We only tested SinoCor 1.0 on PC computers so far-

2. Microsoft Windows 3- X has at least two English
versions three Chinese versions and some other language
versions as well. Designing in English will obtain the most
compatibility and is easy to apply internationally -

3). The module construction of SinoCor 1. 0 is
shown in Textfig- 2. The program includes three basic
modules .

a- Input module; including input and revision of raw
data and input of data file- It is shown in Textfig-3- The
Open window and Save window are shown in Textfig- 4
and Textfig-o- So far as it is designed: the program can
deal with 30 sections and 60 taxa at one time, and the ca-
pacity can be easily expanded-

b- Process module, dealing with plot of data, draw-
ing LOC and compounding of sections- The interface of
data process is shown in Textfig- 6. The process can be
divided into six steps-

i)- The computer automatically selects species of
which neither of the Base and Top values is equal to zero
and plots them to coordinate-

ii) - Users use mouse (instead of keyboard) to select
reliable points which can be used for linear simulation di-
rectly -

For the users to select points conveniently, some im-
portant information is shown dynamically on the upper
part to the right, such as species name, Base or Top val-
ues that current crossline or dot represents, whether the
current crossline or dot has been selected- While mouse
moves to some point; so-called information will be auto-
matically shown on screen- Furthermore. the selected
points will be marked with circles-

iii)- Calculate correlation equation and draw the
LOC in the coordinate- Under the coordinate, there will
show the equation of LOC and the similarity coefficient -

iv). Computer automatically compounds the data of

the second section to reference section to acquire primary

CSS-

v)- Repeat abovementioned operations to other sec™
tions according to priority until acquiring CSS 1-n of the
first turn-

vi)- Adjustment -

c¢- Output module; including output of raw data, in-
termediate data and final results (see Textfig- 7)-
SinoCor supports all the printers that can be used in Win-
dows, such as HP LaserJet 6L, Cannon 210sp, Epson
LQ1600K etc-

4) The basic flow chart of SinoCor 1.0 is shown in
Textfig- 8-

4  System requirements

SinoCor 1. 0 is packed as two 3.5 inch setup disks
and it is suggested that users install and run the program
in the following circumstances:

1). PC. 486 or higher;

2). 4M RAM. 8M or higher will be better:

3). 1.44M, 3.5 inch floppy disk drive:

4). Windows 3.1 or higher version, the programme
is initially designed for Windows 3.1, but also fits Win~
dows 95 and 97 due to the downward compatibility of
Windows-

5). At least 3M hard disk space-

5 Acquisition

SinoCor 1.0 was designed and programmed for scien-
tific purpose. anyone who wants to have a copy please
contacts the Nanjing Institute of Geology and Palaeontolo-
gy> Chinese Academy of Sciences, Nanjing: P-R- China
or the present authors- When problems not mentioned
here and in the handbook of SinoCor 1.0 are met in run-
ning» consulting the authors is suggested- Our e mail ad-

dresses are “~jxfan @ jlonline- com = and <ydzhang @
jlonline - com —

Acknowledgements

The present work is part of a basic science research
project of the Chinese Academy of Sciences led by Prof-
Chen Xu (No- KZ952-J1-401) and also supported by a
special grant of the Chinese Academy of Sciences ( No-
980304). The authors thank Prof- Chen Xu for his en-
couragement and support, Prof- A. J. Boucot for polish-
ing the English manuscript - The present work was report -

ed during the IGCP410 project Nanjing Symposium
1998.



