Vol. 70 No. 2

70 g GEOLOGICAL REVIEW
2024 3 March 2024
12) 2) 2) 2) 3)
2) 2) 12) 4)
1) ( ) 102249;
2) ( ) 102249;
3) 841000;
4) 102206
« "(' GR. AC. CNL. RT  DEN)
( TOC) AleR
AlgR  ( ). N . Litho Scanner
TocC TocC
; TOC; AlgR;
20 60 70 ( 2014; Zou
N Caineng et al. 2019; 2020;
“ ” 2021; 2021; Lai Jin et al. 2022;
“ ” 2023) .
( 2005) .
( 2011;
( Tissot and Welte 2014; Aziz et al. 2020) .
1978; Jarvie et al. 2007; 2011;
2011; 2017; Shalaby et al. 2019; Zou ( 2011;
Caineng et al. 2019; Amosu and Sun 2021) . 2011) .
(
) ( Lgseth et al. 2011; 2017;
( :42002133.42072150) . () ( :2462023Q0XNZ010)
— () ( :717X2020-01)
12023-05-23; 12023-09-22; :2023-10-20; . o Doi: 10.16509/j.georeview.2023.10.001
1988 ; Email: laijin@ cup.edu.cn.
1966 N ; Email: wanggw @

cup.edu.cno



722 2024
2018) . Toc
( Toc )
( 2011; o
2014; 2016; Zhao Peiqiang et al.
2017, Igbal et al. 2018; Wood 2020; Lai Jin et 1
al. 2022) . Tissot  ( 1978)
( . . » Hunt( 1979)
( Litho Scanner) )
( Passey et al. 1990; 2016; Igbal et al. ( 2016; 2018) o
2018; 2018; Godfray and Seetharamaiah N
2019; Tenaglia et al. 2020; Lai Jin et al. 2022, ( ) (
2023) . 2018; Zhao Peiqgiang et al. 2019; 2020) .
(n :
. “A7
o Passey ( S1+S2) ( 2023)
( 1990) AlgR (T0C)
o ToC 0.5%
( ) TOC (
( 2011; 2018; 2012; 2018; 2020;
2018) . ( Litho Scanner) 2020) .
( 2016; (2)
Lai Jin et al. 2022) . N o
C.H.
( 2011; 2013; 0 | NI | I
2016) o I
- I
( 2016; o 11
2022) . ( 2018) o
(To)
( 2017, 2020) .
(3)
\ o (R,) \TTI( )~ o
R, 0.5%
o ( 2018) .
AlgR . AlgR N
N \Litho Scanner Toc



723

(IH)
(
2017) o
2
2.1
( 2009; 2022)
(
2013; Igbal et al. 2018) ,
( GR) .
(AC) . (RT) . ( CNL)
(DEN) €« ”
( D 2016; Zhao Peiqgiang et al. 2017;
2018; 2020; Amosu and Sun
2021; 2022; 2023) .
( Zhao
Peigiang et al. 2016; 2020; Lai Jin et al.
2022) .
2.1.1
7 GR 700
API (1
(U)
U ( 2012;
2014, 2016; 2019) .
N ( Th) ( 2018) . Beers
( 1945)

Schmoker( 1981)
GR o
( Swanson 1960) Fertl
(1988) (U)

Chilingar

( 2014) .

U GR
GR ( 2014) .
2.1.2
(1.0 glem) (pu=
2.3~2.7 g/em’)
( Tissot and Welte 1978;
Schmoker 1980; 2014; 2016) (
1) o Schmoker( 1980) (
) ToC 10%( )
0.5 g/em’
( Schmoker
and Hester 1983) .
( 2018) .
( 2020) ;
( 5 g/em’)
( 2012; 2014; 2016; Lai
Jin et al. 2023) .
2.1.3
(A1)
At 150 ~ 200 ps/m
At 600 ps/m ToC
( 2018; 2020) .
( 2012; Lai
Jin et al. 2021) .
2.14
(
2009; 2018; 2023) (1),



724

2024

1

7

(Yue 32 )( Lai Jin et al.

Fig.1 Well log response characteristics of source rocks in Member 7 of Upper Triassic Yanchang Formation in Ordos Basin

2.1.5
2023) (1) .
( 2012;
2020) - Meissner( 1976)
TOC

TocC
2013;

2020;

(the Well Yue 32) ( from Lai Jin et al. 2022)

2.1.6

2022) . Herron( 1988)

o

2014) .



725

2.1.7

( 2013; 2023)
( ) ( Lai Jin et al.

2022) (1) .

2.2

“« ”»

2020; Lai et al. 2022) .
2016)
U GR
( 2013) .
TOC
Toc
( 2016) . GR
( ) ( <80 API) ToC
SP

1998; 2009
2016; Lai Jin et al. 2017;
2020) .

2013;
2020;

GR
( GR <30
2016; 2016) .

(
) ( Lai et Jin al.

API) (

2020)

( 2016) .

( Flower 1983;
2016) .

2009; 2016;

(

2013; 2016) . Meyer  Nederlof( 1984)

~

( 2010) .
2.4

2002;
(2001)
.U/Th

( 2001;
2016; 2018) .

( ) \GR  KTh

( 2013) .

2002,

Zhao Peiqiang et al. 2016;
( 1945)

2010; 2016;

Beers

2023) .

2010)
@D AlgR
1990; 2002) ; @ .
AlgR ( 2011; Zhao
2017) ; ® (
2022; Lai Jin et al. 2022); @
( 2018; Aziz et al. 2020) ; B
( 2014; Lai Jin et al. 2022) ; ©®
( Mahmoud et al. 2017; Amosu and Sun
2021; 2022) .
Swanson( 1960)

( Passey et al.

Peigiang et al.



726 2024
o Schmoker( 1979) 2002; 2017, 2022) o

o Fertl( 1979)  Schmoker (2003)

( 1981) o
o Schmoker N TOC
Heste( 1983) Toc ( 2014, 2018; Lai Jin et al.
o Meyer  Nederlof( 1984) \ 2022; 2023) .
o Autric 3.1 — (AlgR )

Dumesnil( 1985)
o Mendelzon  Toksoz( 1985)
o Mann Miiller
(1988) N o
Herron  ( 1988) C/0
o Passey  (1990)

AlgR o
( Sérgio et al. 2018) . ( Aziz et al.
2020) TOoC ( Amosu and
Sun 2021) .
(1988) “
” o 20 90
AlgR TOC
AlgR  (
2003; 2011, 2014; Zhao Peiqiang

et al. 2017) ,

1

Passey( 1990)

ToC AlgR o
AlgR
—-100 ps/ft ( Ut=
30.48 cm) .
AlgR
( 1
2) ( Passey 1990; 2002;

2003; Shalaby et al. 2019; Wang Huijun et al.
2019; Tenaglia et al. 2020) .

AlgR  TOC
( 2) AlgR—TOC AlgR
TOC(  2) . AlgR TOC
@D i ®)
( 2 RT 450 °m AC
71 ps/ft) ; @ ;@ AlgR ;

® AR ;©® TOC ( 2).

Table 1 Comparison of advantages and shortcomings of various methods for source rock evaluation

AlgR

AlgR

Al
&R AlgR

AlgR

( ) | U/Th

ToC

Litho Scanner




727

AlgR=1g( )+0.02(At—m3m) (1)

Baseline

TOC = AlgR x 10!>27-01655100 (2)
AlgR:
;R ( ) Q * m; A
ws/ft( 1 ft = 30.48 cm) ; R

1 AtBase]inP .

Baseline *

;0.02:
=50 ps/ft .
LOM( level of maturity) : R,
LOM =1
LOM =12

AlgR

TOC e
@

(1D

2014;
2020) .

2002;
2014, 2016;
2018;
3.2 N AlgR

AlgR T0C

: DAIgR

LOM LOM
LOM 7 12
g6 0.
02 ;@
ToC ( 2011;
2014; 2017; Zhao Peiqgiang et al.
2017; Igbal et al. 2018; Wang Huijun et al. 2019;
2020) . AlgR
AlgR
N AlgR (
2011 2016; 2017) .
AlgR
AlgR

2014,

3.2.1

AlgR
ToC (

2011) . AlgR
TOC AlgR
AlgR
TOC 2508.5 m
RT 4.2 O *m AC 75 ps/ft
2508.5 m RT 4.5Q°m
AC 71 ps/f) (2 3)
( 1 2011)
3.2.2 AlgR
AlgR 0.02
( )
AlgR ( 2014;
2017, 2019) . AlgR
AlgR 0. 02
(
) LOM a
( ) ( 2014;
2019) . AlgR roc
AlgR=k( 1gR-B) +( 1-k) ( At-B) (3)
TOC =aAlgR+b (4)
3 4 R Q> m; At
ws/m; B ;a b
b E a
( 2014; 2017;
2019) .
AlgR TOC
a b
( Do
3.23 AlgR
(2016) AlgR
AlgR (
) TOC
TOC=( axGR+b) xAlgR+ATOC (5)
: GR API; ATOC  TOC
1 2 . 4
a 0 AlgR AlgR

AlgR



728 2024




729

2 AlgR AlgR BP

roc

Fig.2 The calculation of TOC content in the Cretaceous Qingshankou Formation in the Gulong Sag Songliao Basin using AlgR

method AlgR method with variable baseline value and BP neural network
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Fig.5 The TOC content predicted from well logs using multivariate fitting method of the Lucaogou Formation in the Jimusar Sag
Junggar Basin ( the Well J10016)
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Researches progress in well log recognition and evaluation of source rocks
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Abstract: Well log identification and quantitative evaluation of source rock are very important for potential
exploration of oil and gas resources reserve evaluation and unconventional oil and gas exploration and development.
The well log evaluation of source rock is still limited due to the variations in lithology and maturity of source rocks
and different sensitivity degrees of various response of well log series as well as differences in the applicability of
various methods. At present it is in an urgent need to further unravel the source rock information contained in
geophysical well log data and to build a bridge between source rock quality and well log information. In addition
it is also in great need to finely characterize the source rock quality of self-generation and self-storage
unconventional hydrocarbon using well logs. In this paper the classification and geological characterization
parameters of source rock are firstly clarified. Then the log response characteristics of different types of source rock
in conventional log series and advanced logging techniques such as image logs and Nuclear Magnetic Resonance
logging ( NMR) are analyzed. The response characteristics of source rock are usually shown by “four high values
and one low value” ( high natural gamma ray high sonic transit time high neutron high resistivity but low
density) . In addition to single factor analysis the crossplots and sensitive parameters can be selected to accomplish
the qualitative identification of source rock. The quantitative prediction of total organic carbon content ( TOC) and

other parameters of source rock can be realized by AlgR method modified AlgR method ( variable baseline and
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changing coefficient) natural gamma ray spectrum logging method multiple regression method Litho Scanner
logging data method and artificial intelligence method. The advantages and disadvantages of different TOC content
logging methods and their application conditions are reviewed and then the comprehensive well log evaluation of
source rock quality can be realized by TOC prediction combined with the calculation of hydrocarbon generation
potential and other parameters. Finally the existing problems and development trend in the logging identification
and quantitative evaluation of source rock are analyzed in order to provide theoretical guidance and technical support
for the evaluation of oil and gas resource and for unconventional oil and gas exploration and development.

Keywords: source rock; well log evaluation; TOC; AlgR; natural gamma ray spectrum; multiple regression;
artificial intelligence
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