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pect. Many researchers have been focused on the Cretaceous carbonate of the BVE Formation. A lot of re-
search works have been done in structural evolution, sedimentary, and oil and gas accumulation, and so
on. However, due to the complex reservoir spaces and strong heterogeneity, well logging evaluation is
challenging, which in turn restricts the advancement in oil and gas exploration and development in this
area. Compared to conventional logs, electrical imaging logging offers a more intuitive approach for identi-
fying and evaluating heterogeneous carbonate reservoirs, particularly in the rapid detection of dissolution
pores and fractures. In our study, experimental data, including cores and slices, and conventional log,
as well as electrical imaging logging and nuclear magnetic resonance log are integrated to analyze the reser-
voir space types. The reservoirs are classified into three types: porous reservoir, fracture-dissolution pore
reservoir, and fracture reservoir. The identification standars of these types of reservoirs using well logs are
established. Therefore, the reservoir types can be divided in a single well. This study hopes to improve the

logging evaluation system of the pre-salt carbonate reservoirs, and provides guidance for highly effective

reservoir development of carbonate reservoirs.

Key words Santos Basin, Barra Velha Formation, lacustrine carbonate reservoir, logging charac-

terizitics
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Geological map of Santos Basin(after Kang et al., 2018b)
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Fig. 2 Core and thin section characteristics of the Cretaceous BVE Formation reservoir in Santos Basin
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Fig. 3  Cross plot of porosity and permeability of the Cretaceous

BVE Formation in Santos Basin
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Fig. 4 Core and thin section characteristics of different reservoir types of the Cretaceous BVE Formation reservoir in Santos Basin
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Fig. 5 Logging response characteristics of porosity reservoir of the Cretaceous BVE Formation in Santos Basin
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Fig. 6 Logging response characteristics of fracture-pore reservoir of the Cretaceous BVE Formation in Santos Basin
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Fig. 7 Logging response characteristics of fractured reservoir of the Cretaceous BVE Formation in Santos Basin



e

26 oW M. WURBREREL A MEZ NI PN RO s DLRFEHT A Al H i 2E R BVE 4N 9

K14y, XF 1-SPS—1 H: M\ 6307.35 ~ 6475 m F Bt 4t
167. 65 m (¥ fii IR £ 5 BEAT R 5 5 R 4, & B I
KRB 3IFRBAEEZ, RIFLBAAY | 2445 - AL BRI
4R Horp LR ARG 4 )2 50. 09 m, REAE—FLBR
U2 26. 71 m FIZMEERIGHAR 2 4. 49 m (1] 8)
A% M0 R B 1T DL SR 0 H TG 9 A 0 2] 7 L B

R A 284k, FEAR A 32 W) °7 52 il 114 L Bt B2
& (Al-Marzouqi et al., 2010; de Castro and Lupi-
nacci, 2022), — & AR T E R 0 £ %
Mo T2 R S W T AT Bl UK 5 R R AR Y b R
M) SRR, A RO B R A S, KT
FEH o B, A TS T2 Ok E

AT90/Q'm
PEF T AT60/0 " |—NPOR/% HBE B I H #1%
0 [ e R 15 ==
e ) . PHIT ND/% . ; .
W CALVin_|, . AT30/Qm | DTCO | . - TSR AR WERET21E
/mo 8 10" AT20/Q-m /us-ft FMI-STAT FMI-DYN
GR/API T 10000 RHOB
5 - AT e 0° 360° | 0° 180° 360°
- 6320
- 6340
F 6360
- 6380
- 6400
F 6420
- 6440
6460
=
P p—

-¥Lﬂﬁﬂﬁ%%)§ -Z\%éf%—%*ﬂﬂﬁ%%)% -%ﬁ%ﬂﬁ%%%‘ Ea%ﬁéﬁ—;

Bl 8 RICHAM AR BVE 4 1-SPS—1 H: 5o i 42 J2 28 B 0 4545 51 i 1
Fig. 8 Well logging reservoir type identification comprehensive profile of Well 1-SPS—1

of the Cretaceous BVE Formation in Santos Basin



‘(IM K

10 + W E

#& 2024 % 12 f

100 ms, FRifiE T2 3% 35 21 DL g s U TE 2, 40 i
1 T2 k(A0 7R R 3 R LB, 5 e i ey AR 3%
KILBREE L, B MR RN R N2,
I It 5 2 2 R R 43 5 R 5 0 45 SR DT I R 4.
R BRI R R 7 25 R, AT A e
Z BVE 4l H8 L FILB B AEE S, SLFR i h 7ok
& WAL B 0 RN 24 4% — 5 L L it 4R T2 1 ST ™ o DTk
35 90% LA |, JEWFI KR A FE 2

IR E R E R S M A, — M ik
LB RAESLBR AR GE SL R 0 A, 5 8 KL H R
FHEG, FBUR I3l . S BGRB8 m 1
SrHEER, JF HRR XTI BE 2% 180 M2 AR 40 b T 45 44
TTARGF M E 7R, BT S e s g 2 1 v 1 TR A A
(nZsg . AL . Jr A R IEsE ), # o AR A
SE 23 () I AR 20 BRILDASE, A0 X DL 43 3%
114 3t 5T B G AT L AE RS I S R 3 W b S Bk
MEEZ R A EZEM . SEmE, R&AHKS
HATAEE SN, ARG ER, =2k
JRTERG S ICE FUBURL ICE 2 BE A R, (ALALER
RUGHAEZ . WL, “F RGO + b R
A7 A 2 I U B R S, R AR
P 550 3 AT 4 b 1 2 R BVE 4 fi 45 2 25 A,
R TR A A )2 AR AT A AR R i 4 )2 T
B4 S

5 #ig

1) RICHAHERE T XL T WAHRR A,
LB, BERR P —&E, ZFREML, F0
S B4 R H R BVE 4l fig S 25 ) &
BRI AL . WL AE AR g 5 25 [ AN R JE
BB FARR A 5 2 R0 50 LB A . 4% -V AL
BRI 3 KAEE)E

2) I E B 25 G i BB I AT LA AR
905 R 4 52 2 TR B TR R T i 4R T2 2R AL, AL B
fitt 5 2 I R B U A 42 J2 A0 U B 43 S0 2 5 5 BRE AR A
AR, HeE—FLIREEIZ LA —H MK
BARE, Hoh . % B AR O & A B AR Ak

3) TERFCIAMER T X ¥R BVE 4] 3%
KA Z, FI 5 PR AR I 52 3
TR TR b A A 5 2 AR ) ¥ S U R R 43, O B TR
R AAEE 2 IR A0V M R R T i 4 )2 T it R
=

% 2% 3Lk ( References)

BRIF 2R, 5 TUE VR AR W 1. 2010, A J FMIL SR I 5 3¢ 8
AN NARILZ AT IR A 682 . DIEHR, 34(4) : 343-
347. [Chen F,Li S R,Yuan W G,Xu D H,Xia N. 2010. Compre-
hensive evaluation of carbonate reservoir with multi facies using FMI
imaging logging data in Northeast Sichuan. Well Logging Technolo-
gy, 34(4): 343-347]

XS5, 1 S ok, AR A X 22 sk B . 2014, CLPY RAEHT A
R G 5 A T A R B, 19(3) 35 -42.
[ Deng C,Bai G P,Zhong M H,Zou J H, Liu J L, Zhang M H. 2014.
Division and evaluation of petroleum systems in the Santos Basin,
Brazil. Marine Origin Petroleum Geology, 19(3): 35-42]

A5k, L g, JuE A, 2006. RAEVE B R £h 4 A 190U i
M Jo7 45 A B gt ¢ 5 15 HUBR L2, 31(6) : 846-850. [Deng S G,
Wang X C,Fan Y R. 2006. Response of dual laterolog to fractures in
fractured carbonate formation and its interpretation. Earth Science,
31(6): 846-850]

JLFAL. 2005, H 5B R A I FH Y K )2 R AE B HC Y B A
Ml 2. #i2E AT, 12(3) : 23-30. [Fan J S. 2005. Characteris-
tics of carbonate reservoirs for oil and gas fields in the world and es-
sential controlling factors for their formation. Earth Science Fron-
tiers, 12(3): 23-30]

fuT 4R ol e, A5 UR], k S . 2011, [ K VG ¥ 4 8l K It i1 2% 4t K
IS A5 00 A B - L PG R AT A st D B Ay
MBI, 16(3) . 57-67,8. [He J,He D F,Li S L, Zhang G Y.
2011. Formation and distribution of giant oil and gas fields in Pas-
sive continental margin of South Atlantic Ocean: a case study of
Santos Basin in Brazil. China Petroleum Exploration, 16(3): 57—
67,8]

fSCI, s PP B R SRR, AP, E5F AR, 8 G
190 2023 B P 5 0 far o V40K R P ARG 4 S B 5 TG BR B
. MRS IF %, 50(2) . 227-237. [He W Y,Shi B Q, Fan
G 7Z,Wang W Q,Wang H P,Wang J C,Zuo G P,Wang C F,Yang
L. 2023. Theoretical and technical progress in exploration practice of
the deep-water large oil fields, Santos Basin, Brazil. Petroleum Ex-
ploration and Development. 50(2) ; 227-237]

BUVRATE Bk A BB, B, okl . 2021, 4T 4 ) A A R
EPE ey ) RN E Lt S N Rl PN S AW ER AT S 2 TN
43(2): 1-9. [Jia H C,Kang H Q, Liang J S, Cheng T,Zhang S X.
2021. Characteristic and developmental controlled factors of pre-salt
lacustrine carbonate, Santos Basin. Journal of Southwest Petroleum
University ( Science & Technology Edition) , 43(2); 1-9]

SPRZE AR, S HK,RIEE. 20130 BRIREE & DUBUR KA B . 3T
224, 31(6): 965-979. [Jin Z K, Shi L,Gao B S, Yu K H.
Carbonate facies and facies models. Acta Sedimentologica Sinica,

31(6): 965-979 ]



_

26 6 AT WIRBRER L A MR Z I U Uk KO

PLZEFEHT A0 A i B 22 R BVE 41054 11

Sl B B CHE A B, 2 . 2005, A% AL Ak IR £h 5 i )2 DI T
Wik ABE W0l [ 4] Bk B 24 kg, 20(1) . 78 -82.
[Jing JE,Wei W B,Mei Z W,Li Z B. 2005. Method of well-logging
interpretation for fracture reservoirs of carbonate rock: a case study
in Tahe oil-field. Progress in Geophysics, 20(1) : 78—82]

Fedt 4 BUMAE, R v, E A, # k. 2018a. B RPUHE MR B2
U232 P S M 5 AE 5 Tl R4 A R AE R B R ﬂﬁ‘fﬁ%b’z,
37(4): 113-119. [Kang H Q,Jia H C,Cheng T, Wang J, Meng J
L. 2018a. Comparison of petroleum geology and hydrocarbon accu-
mulation of rift sequence in the salt basins on both sides of South At-
lantic Ocean. Bulletin of Geological Science and Technology,
37(4): 113-119]

Rk 4, B2 BV BUMAE , F1TE. 2018b. B P S 5T 107 4 b R T WA
R 5 A2 AL RV BT S AR DU 40 M )T, 38(4) ¢ 170-178.
[Kang H Q,LV J,Cheng T, Jia H C,Bai B. 2018b. Characters of
pre-salt lacustrine carbonate reservoir, Santos Basin, Brazil. Marine
Geology & Quaternary Geology, 38(4) : 170-178]

R, S0, TR R, HORSC, BT, £ EL, EhB. 2015, dh 2
U6 S BEL SR 1 AR H 2 BE U S I s i b R
KWeE, 22(6) : 47-54. [Lai J,Wang G W, Zheng X H,Zhou L,
Xiao C W,Zhang C G,Wang K,Han C. 2015. Recognition and eval-
uation method of fractures by micro-resistivity image logging in oil-
based mud. Petroleum Geology and Recovery Efficiency, 22(6) ; 47
-54]

XIRE IR AR, B, TIEZE, GR 806, 2022, ) A0 Bk iR £k 2 B 50 F e
SRR, H M ER Yy AR, 57(2) : 487-497,250. [ Liu Z,
Zhang ] H,Wang J,Yu Z J,Su C G. 2022. Review and prospect of
research on lacustrine carbonate rocks. Oil Geophysical Prospecting,
57(2): 487-497,250]

A0 TR %, B B O, T T, BRI AR, AR OL M. 2008. H AR T il 1 Bk AR
HE WA sk, 29(6) : 853-858. [Ni G H,XuJ
B,Gong Q S,Kang X Q,Li G H. 2008. Logging evaluation of car-
bonate reservoirs in T Oilfield of Middle East. Acta Petrolei Sinica,
29(6): 853-858]

B R, ERA L RN, P L, BIRE, B4 2017, E WA
T IR b o5 I 245 3 0 5 B S ) o2 R AE. ot 3 25 4, 19(6)
1063-1074. [Su L,Zhu R K,Cui ] W,Wu S T,Luo Z,Mao Z G, Li
S. 2017. Spatial-temporal distribution of lacustrine carbonate rocks
in China and their carbon and oxygen isotopic characteristics. Journal
of Palaeogeography( Chinese Edition), 19(6): 1063-1074 ]

T A1 4%, R 0, TR AR A, T BIAHE. 2009, BRIER A 24 4% T ik )2 H R T
MEA : DIZF I X 6. KRR HERFL 2, 20(2) : 269-272.
[Teng T Y, Cui H F,Zhang N C, Zeng Z Y. 2009. Prediction of
fractured carbonate reservoirs using seismic data: an example of Ya-
ha area in Tarim oilfield. Natural Gas Geoscience, 20(2): 269 -
272]

TEH 6, SR IC R, J0 KR, Sl DO, SR =, IR 2013, VG AT 42
SUVRE DRl NE N (Nl N5 K 7 = R Al =2 S B2 K7

18(3): 61-69. [ Wang X W,Wu C W,Guo Y Q,Meng Q Q,Zhang
Y X,Tao Y. 2013. Accumulation feature of Lula oilfield and Its ex-
ploratory implication for pre-salt reservoirs in Santos Basin, Brazil.
China Petroleum Exploration, 18(3): 61-69]

FERIF, BRI 2R, J0i 8 , 20 B 2013, BP9 L3k ki 5 R AE T 4
i3l RUBCRS AE X L BF Y. Al 5L B M BT, 35(4) ¢ 419-425.
[ Xiong LP,Wu C W,Guo Y Q,Li S Y. 2013. Petroleum accumula-
tion characteristics in Campos and Santos Basins, offshore Brazil. Pe-
troleum Geology & Experiment, 35(4) : 419-425]

TR, £, B, BT 2. 2012, BRI L A 682 I PR O k.
WA T, 26(6) : 1265-1274. [Xu J L, Wang Y J,Cao G W
Qin Y X. 2012. Well-logging evaluation methods on carbonate reser-
voirs. Geoscience, 26(6); 1265-1274]

SR RO, I W, 2. 2019, PG RAEWI AL A X B
Barra Velha 41 v b 38 J LX) 6 2 09 5 0. 9 7 b 5T 7010 9FF
35(1):53-59. [ Wu J,Zhao P F,Wang H, Wang Y Q,Li J G.
2019. Paleogeomorphology of the Barra Velha Formationin block A of
the Santos basin, Brazil ,and its control over reservoirs. Marine Geo-
logy Frontiers, 35(1): 53-59]

WE BTG, 2001, Star— 0 J A% DU 75 5 B2 41 5 4 2 37 4 b /9 BT
. AR, 25(5) : 358-364,399. [ Xu X,Zhao W Y. 2001.
Application of Star— Il imaging logging in carbonate reservoir evalua-
tion. Well Logging Technology, 25(5) : 358-364,399]

AR R, 22 D5, R ST A, PIAE K. 2008, K2R i R R R A A 2 2
TR H 0 ) K i . R AR Tk, 28(12) » 44-47,138. [ Zhao
Y G,Li G Q,Song L Z,Sun Y F. 2008. Application of logging data
in identifying carbonate reservoir types in the Daniudi gas field. Nat-
ural Gas Industry, 28(12) : 44-47,138]

TR R RS, TR R, 9%l wh R, B AR AR, R A, v TLL . 2020.
U P DR O 30 4 st T O IR o I RO R S B R R
[E A Im %, 25(4) : 75-85. [Zhang Z M,Zhu Y X,Zhang D M,
Su Y S,Yao W,Bao Z D,Song J,Shen W H. 2020. Hydrocarbon ac-
cumulation rules and exploration inspiration of pre-salt carbonate res-
ervoirs in the Great Campos Basin, Brazil. China Petroleum Explora-

tion. 25(4) ; 75-85]

Al-Marzouqi M I, Budebes S, Sultan E, Bush I. 2010. Resolving carbonate
complexity. Oilfield Review, 22(2) : 40-55.

de Andrade Neves I, Lupinacci W M, Ferreira D J A, Zambrini J P R, Ol-
iveira L. O A,Olho Azul M, Ferrari A L,Gamboa L. A P. 2019. Pre-
salt reservoirs of the Santos Basin: Cyclicity, electrofacies, and tec-
tonic-sedimentary evolution. Interpretation, 7(4) . SH33-SH43.

de Castro T M, Lupinacci W M. 2022. Comparison between conventional
and NMR approaches for formation evaluation of presalt interval in
the Buzios Field,Santos Basin, Brazil. Journal of Petroleum Science
and Engineering, 208 109679.

de Paula Faria D L,dos Reis A T,de Souza Jr O G. 2017. Three-dimen-

sional stratigraphic-sedimentological forward modeling of an Aptian



_

CM K

12 + W E

% &

2024 £ 12 f

carbonate reservoir deposited during the sag stage in the Santos ba-
sin, Brazil. Marine and Petroleum Geology, 88: 676-695.

Herlinger R Jr,Zambonato E E,De Ros L F. 2017. Influence of diagene-
sis on the quality of lower Cretaceous pre-salt lacustrine carbonate
reservoirs from northern Campos Basin, offshore Brazil. Journal of
Sedimentary Research, 87 1285-1313.

Kattah S. 2017. Exploration opportunities in the pre-salt play, deepwater
Campos Basin, Brazil. The Sedimentary Record,15(1) : 4-8.

Meisling K E, Cobbold P R, Mount V S. 2001. Segmentation of an ob-
liquely rifted margin, Campos and Santos Basins, southeastern Brazil.
AAPG Bulletin, 85(11): 1903-1924.

Qin Y X. 2012. Well-logging evaluation methods on carbonate reservoirs.
Geoscience, 26(6) : 1265-1274.

Quirk D G, Hertle M, Jeppesen J W ,Raven M, Mohriak W U,Kann D J,

Norgaard M, Howe M J, Hsu D, Coffey B, Mendes M P. 2013. Rif-
ting, subsidence and continental break-up above a mantle plume in
the central South Atlantic. Geological Society, London, Special Pub-
lications, 369(1): 185-214.

Vasquez G F,Morschbacher M J,dos Anjos C W D,Silva Y M P, Madruc-
ci V,Justen J C R. 2019. Petroacoustics and composition of presalt
rocks from Santos Basin. The Leading Edge, 38(5) : 342-348.

Wang H P,Zhang M ,Fan G Z,Xiao L,Zuo G P,Yang L,Pang X, Wang
C F,Zhang Y G. 2023. Prediction of lithology in lacustrine carbon-
ates using well logs: The Cretaceous Barra Velha Formation in San-

tos Basin, offshore Brazil. Geological Journal 58 (11) : 4271-4282.

(REHE HFH)



