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Fig.1 Location of Aptian Salt Basin along the central South Atlantic margins
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Fig.2 Distribution of the Aptian salt basins and evaporite thicknesses
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Fig.3 Cross sections of Aptian salt basins in the conjugate margins of middle segment of Atlantic Ocean

SRR ST, TTRE SR AT AR TR

T FH A 2 b S22 7 ot S R e J2 I I
T2 B R 22 40 HT 45 4 W M R B4R 11
TS 25 EE H BT 118.4~116.8 Ma™", 5 2E/R
P57 A5 2 A 0 A A b 2 AR O I, 138
W — 7 SR AT R 1

TR [5) (45 P2 B 0 R 2 (AR AL A
T AN . A5 (25 AN, AL A
PRI, el A K, R SR T A deng Y T
A F AR, DI N TE L A b R A
TR, AT R I A ™ L A ) i s
(g 4k AT TR R B R K, DRI, S 4 e 4R
OB T B 30 19, b (R 1202 56 A% A ]
(). B2 (b2 Hb 2 0o L 0 T R L 47 W Rk A 48
T W JEHE AR GE—, b AU A 23 ] A
S TS ik

4 ey

PR TG PEER AU S5 4 R kO
Fi - AT KRB, BB RRBE LAY, 5 R I
KHE LRI, — A A2 ph 248 PR
AR P B R B E S, 7E 1 22 v
(124~94 Ma) ¥ 7K 84 54 AR IH, HE & Ca™.

Na', K'Ti#% SO, , i i 78 % VE 27T LUB I |3k
AT Y, T ELER T (Br) 45t T 2 75
el 578 K B — 5, i, —EoA
R K BT

AW ER . AR e B AR e
FE SR SAT T . WU R AL A, B BN
I 4a), T 74" wiAEAL
(9 AINSE | FE SR VA B BT b Y T 4 0 2% T MR 2 b
B, WA A R, $hA AR
CHL IR, 76 % W I K G R A e
(J& 4b) . 13RING Sty SRR S5 AR, IS #15
AL M B e R A TR A R,
M LA 2 2 e s

ERFER I ISy 22 5, — B KR
S i R, TR VG VK P9 3o g R K 2R 4
ST LB 2 G L, SETE R AR R DU, B
T R (R AR A A AL AR L ko 1
TS, 5 P U 4 LR K IR B A
IS N FEFL 45 DU o A T i 0 K B 5 5
(A SRR A L T R b
SR VG 14 Y LA 00 T 5 6 5 R 30 T 1 A 0 T 1
KR 1AL, 4 ) o B i A ¥ 2 SRk T AR
AT S, TR R B L 1 S
FTFFOI20 PG P AR B 2 T R R



541551

ZRIHEE, S FORPUE P B s Rtk T

=

FLikNE 5

(a)oﬁémi‘é 100km _ Hl 2 50 km

100

200

300

400

500

600

700

800

Atk ot EAOH

(b)  532A 113km 709 72km 369A
0_

500

1000 +

1500

[ TITTTITI AT T

2000

2500 |

3000 A

W KSR A /i

Pk [28,30] 1B
B4 mE-TRIRZH (a) SRITHEM (b)) BEERS

Fig.4 Compassions of the salt rock in the Gabon-Lower Congo and Santos Basins
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Fig.5 Tectonic evolution of the salt deposits

3t AR [ SO P B DR 0 P o 5L R
S 10 B DR TE R BL AR R S R el T i
S AR PEBE I T A, LU [ 1 3 55
FPARBIR S 25 S SR, 3 SRl 2 o B
UG T MR | B I S R A
AR E T RS R Y SDR R IEARRB R, BRT
ACTEAS 3 7 UL 30, 3 5 1 R, R T R 2
[ ULRLE G B A MIN R S BRI 2
e ARFEPEF SR SR A IR G A, A FRIESE, X
SRR ARG KPR G 06 5 0 06, R
HFEGER T LA T 7 220 i HG S SRR, (L i

TR, 3T R A K PR BT F b
R A (9 B A B 2 B 2514 2 00 725
MR GRS M A AR T T L
ST L 31 430, (L6 00 T i R S 5 1 A
TG

BRXH R AU 1 75 50 A ), (0 25
FNTT HI BT R B K A, (0 T 2K
VAR R OK B AL M AT, —2e 00, 3
SR UARM, 3 7 A T R L 7 2 ok
PURRIE 5 1 T 2549925 (6], TN S 2 A i 7K
VA () 6a), IHhAK I F 4R T .



541551

ZRIHEE, A R VU P BB sl bl BT 0 7

(B4 BTS00 22 (BB R [5), WAR T PR M2
JEE B2 FIURE LR AE R0, 32 % TR 2 M MUK 36
T 500~650 m"™'; PV S AR5t SR E T
0 M ARG - T 24 400 m'** 3 BN L A% Ml A1
TUFTH 25 700 m'™ 5 Ah— e F AN, $hAT
BUF IR K% 25 (1 6b), BIER 2K 5 40k
W T — 3, SRR R A AR U, IR R R 4

iy e, T EL A 30 Bt b 5 AR [0 1 2
P A MR R
A 5 BT 0T B R R, 5 Ay SRR
LB IR AU TR B, W4 2K P AR 2k
A5 £k 15 R A 8 7K TR 7 2% — B, (ELE
LI o T30 2 10 26 A K T ThT— o 275 A i
T2 A — M.

(b)

T i —

Ok EmK

(@) BAR AR (b) AR AR 83Tk [45] B8k
6 HAETRER
Fig.6 Sedimentary models of the salt deposits

(DA AR | 5o FAS T R AE
HRASE) TORS A0 Z0 im0, A3 9 5828 FUR SRR 5 A
JEAEAFNVE PR TR A O, (B 5E T8 2R — AL Sl
E LU, A AS 6] (8 A8 JE ML AT LATE R [R) Ay 25
|t

(2) A=Wy 1l 22 AR 7 38 8 A 5 SR8 L AN TR
F 3 AR B AR T BR 29 118~ 116 Ma, LRy
115~ 110 Ma, it X — 3K 25 5 19 J I 7E T Bl 3
R 4R R 58 e g vy, R AR B s D, H
R AR TR IIE, RS AN fb 24 b2 058 A Bh
THESN B A &

()X F AN AL 22 T B BATAE 3 AR
Ui KR R BB RV L eS80 AR B K R IR AL
KPR K. Hod, 58 50 Ay . A3
M PEUESE W G B A R, 2 H TS A AR,
BR 5 055 F b i 2 A bR G I S A
SESHIR, (H R oE R 2 OJF, RAgfRREA
X3,

(4) 1 FXPERG A . AR NIRRT, RS
RN B TR AL AR AN ], R A DR T R
T RUHT . I8 BRI Y i AR PR A il AR

JELPRIAE T 1 R P A v BOE A T g 301, LA i
PR A [E AN SE , WA £ L A PR AT B Tk
X[,

(5)FhAETE LT R BRIE K Z5 4, J2 T8 B T K
DA B IR AT EEAE A U LR G 73
s $h AL 78 A AR oKV T % e B A AR A Y
MAJEPRAFAL o

BE 3Lk

[1] LENTINI M R, FRASER S I, SUMNER H S, et al. Geodynam-
ics of the central South Atlantic conjugate margins: implica-
tions for hydrocarbon potential[J]. Petroleum Geoscience, 2010,
16:217-229.

(2] MOULIN M, ASLANIAN D, OLIVET J L, et al. Geological
constraints on the evolution of the Angolan Margin based on re-
flection and refraction seismic data (ZaiAngo Project)[J]. Geo-
physical Journal International, 2005, 162: 793-810.

(3] VEMB, M, W, ROV W B sl Rt i 2 At i <
HOBTRHEXT HE [7]. B AT, 2012, 33(2): 250-255.
WANG W G, YU L, NIE M L. Comparison of hydrocarbon
geological characteristics of intercoastal passive continental
margin basins, South Atlantic Ocean[J]. Xinjiang Petroleum
Geology, 2012, 33(2): 250-255.

(4] RREMb, BURAE, ¥, %5 BORVU TR S I AR BT
I AHD TR 55 T A RFAE R H (0], HUSRHR 412, 2018,
37(4): 113-119.


https://doi.org/10.1144/1354-079309-909
https://doi.org/10.1111/j.1365-246X.2005.02668.x
https://doi.org/10.1111/j.1365-246X.2005.02668.x

Marine Geology Frontiers

TR LTI T

202541 A

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

KANG H Q, JIA H C, CHENG T, et al. Comparison of petro-
leum geology and hydrocarbon accumulation of rift sequence in
the salt basins on both sides of South Atlantic Ocean[J]. Geolo-
gical Science and Technology Information, 2018, 37(4): 113-
119.

HUDEC M R, JACKSON M P A. Terra infirma: understanding
salt tectonics[J]. Earth-Science Reviews, 2007, 82(1/2): 1-28.
PES, BRI, B LA, 55 P VU VE BB Bl 2 Ak 5 X
RN [7]. A1 S, 2015, 37(5): 614-618.
TAOCZ,YINJY,LUH M, et al. Impact of salt on hydrocar-
bon accumulation in South Atlantic passive margin basins[J].
Petroleum Geology & Experiment, 2015, 37(5): 614-618.
B, WK, S A, S N TE A AR A R AE B HX R T
SEERAFZm (1], T EH TR A, 2015, 2(3): 40-48.

HUANG X W, HU X L, GUO 'Y, et al. Gabon basin salt charac-
ters and its influences on pre-salt oil and gas exploration[J].
Geological Survey of China, 2015, 2(3): 40-48.

KARNER G D, GAMBOA L A P. Timing and origin of the
South Atlantic pre-salt sag basins and their capping
evaporates[M]//SCHREIBER B C, LUGLI S, BABEL M. Evap-
orites through Space and Time. Bath: Geological Society of
London, 2007: 15-35.

KUKLA P A, STROZYK F, MOHRIAK W U. South Atlantic
salt basins-witnesses of complex passive margin evolution[J].
Gondwana Research, 2018, 53: 41-57.

MOULIN M, ASLANIAN D, UNTERNEHR P. A new starting
point for the South and Equatorial Atlantic Ocean[J]. Earth-Sci-
ence Reviews, 2010, 98(1/2): 1-37.

WARREN J K. Evaporites through time: tectonic, climatic and
eustatic controls in marine and nonmarine deposits[J]. Earth-
Science Reviews, 2010, 98(3/4): 217-268.

CHABOUREAU A C, GUILLOCHEAU F, ROBIN C, et al. Pa-
leogeographic evolution of the central segment of the South At-
lantic during Early Cretaceous times: paleotopographic and geo-
dynamic implications[J]. Tectonophysics, 2013, 604: 191-223.
MARTON L G, TARI G C, LEHMANN C T. Evolution of the
Angolan passive margin, West Africa, with emphasis on post-
salt structural stylesyM]/MOHRIAK W, TAIWANIM. At-
lantic Rifts and Continental Margins. Washington D. C. : Amer-
ican Geophysical Union, 2000: 129-149.

DAVISON 1. Geology and tectonics of the South Atlantic
Brazilian salt basins[M]//RIES A C, BUTLER R W H, GRA-
HAM R H. Deformation of the Continental Crust: the Legacy of
Mike Coward. Bath: Geological Society of London, 2007: 345-
359.

STROZYK F, BACK S, KUKLA P A. Comparison of the rift
and post-rift architecture of conjugated salt and salt-free basins
offshore Brazil and Angola/Namibia, South Atlantic[J]. Tec-
tonophysics, 2017, 716: 204-224.

DAVISON I, ANDERSON L, NUTTALL P. Salt deposition,
loading and gravity drainage in the Campos and Santos Salt

Basins[M]//ALSOP G I, ARCHER S G, HARTLEY A J, et al.

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

Salt Tectonics, Sediments and Prospectivity. Bath: Geological
Society of London, 2012: 159-173.

PIEDADE A, ALVES T M. Structural styles of Albian rafts in
the Espirito Santo Basin (SE Brazil): evidence for late raft com-
partmentalisation on a 'passive' continental margin[J]. Marine
and Petroleum Geology, 2017, 79: 201-221.

NORTON I O, CARRUTHERS D T, HUDEC M R. Rift to drift
transition in the South Atlantic salt basins: a new flavor of
oceanic crust[J]. Geology, 2016, 44: 55-58.

SANJINES A E S, VIVIERS M C, COSTA D S, et al. Plankton-
ic foraminifera from the Aptian section of the southeastern
Brazilian Atlantic margin[J]. Cretaceous Research, 2022, 134: 1-
16.

SZATMARI P, DE LIMA C M, FONTANETA G, et al. Petro-
graphy, geochemistry and origin of South Atlantic evaporites:
the Brazilian side[J]. Marine and Petroleum Geology, 2021, 127:
1-31.

ELDRETT J S, BERGMAN S C, HEINE C, et al. Integrated bio-
and chemo-stratigraphy for Early Cretaceous strata offshore Ga-
bon: additional constraints on the timing of salt deposition and
rifting of the South Atlantic[J]. Marine and Petroleum Geology,
2023, 148: 1-15.

HARDIE L A. The roles of rifting and hydrothermal CaCl,
brines in the origin of potash evaporites and hypothesis[J].
American Journal of Science, 1990, 290: 43-106.
LOWENSTEIN T K, TIMOFEEFF M N, BRENNAN S T, et al.
Oscillations in Phanerozoic seawater chemistry: evidence from
fluid inclusions[J]. Science, 2001, 294: 1086-1088.

CHENG H D, HAI Q Y, LI J, et al. The sensitivity of temperat-
ure to tachyhydrite formation: evidence from evaporation exper-
iments of simulated brines based on compositions of fluid inclu-
sions in halite[J]. Geofluids, 2019, 4: 1-16.

MILANDOU D S G N, ELENGA H, NGANGA M D M, et al.
Influence of climate and tectonics on the crystallization of car-
nallite and related salts in the Congolese Atlantic Basin during
the Lower Cretaceous, Republic of Congo[J]. Open Journal of
Geology, 2023, 13: 51-71.

GINDRE-CHANU L, PICHAT A, DELHAYE-PRAT V, et al.
Depositional and diagenetic model of the Aptian potash-bearing
Loémé evaporites in onshore Congo[J]. Sedimentary Geology,
2022, 427: 1-23.

CHABOUREAU A C, DONNADIEU Y, SEPULCHRE P, et al.
The Aptian evaporites of the South Atlantic: a climatic
paradox[J]. Climate of the Past, 2012, 8: 1047-1058.

DE RUITER P A C. The Gabon and Congo Basin of salt depos-
it[J]. Economic Geology, 1979, 74(2): 419-431.

TEISSERENC P, VILLEMIN J. Sedimentary basin of Gabon-
Geology and Oil Systems [M]/EDWARDS J D, SAN-
TOGROSSI P A. Divergent/Passive Margin Basins. Tulsa:
AAPG, 1990: 117-199.

JACKSON C A L, JACKSON M P A, HUDEC M R, et al. En-

igmatic structures within salt walls of the Santos Basin, Part 1:


https://doi.org/10.1016/j.earscirev.2007.01.001
https://doi.org/10.1016/j.earscirev.2007.01.001
https://doi.org/10.1016/j.earscirev.2007.01.001
https://doi.org/10.11781/sysydz201505614
https://doi.org/10.11781/sysydz201505614
https://doi.org/10.1016/j.gr.2017.03.012
https://doi.org/10.1016/j.earscirev.2009.08.001
https://doi.org/10.1016/j.earscirev.2009.08.001
https://doi.org/10.1016/j.earscirev.2009.08.001
https://doi.org/10.1016/j.earscirev.2009.08.001
https://doi.org/10.1016/j.earscirev.2009.11.004
https://doi.org/10.1016/j.earscirev.2009.11.004
https://doi.org/10.1016/j.earscirev.2009.11.004
https://doi.org/10.1016/j.tecto.2012.08.025
https://doi.org/10.1016/j.tecto.2016.12.012
https://doi.org/10.1016/j.tecto.2016.12.012
https://doi.org/10.1016/j.marpetgeo.2016.10.023
https://doi.org/10.1016/j.marpetgeo.2016.10.023
https://doi.org/10.2475/ajs.290.1.43
https://doi.org/10.1126/science.1064280
https://doi.org/10.4236/ojg.2023.131003
https://doi.org/10.4236/ojg.2023.131003
https://doi.org/10.5194/cp-8-1047-2012
https://doi.org/10.2113/gsecongeo.74.2.419

ZRIHEE, A R VU P BB sl bl BT 0 9

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

geometry and kinematics from 3D seismic reflection and well
data[J]. Journal of Structural Geology, 2015, 75: 135-162.
JACKSON M P A, CRAMEZ C, FONCK J M. Role of subaeri-
al volcanic rocks and mantle plumes in creation of South At-
lantic margins: implications for salt tectonics and source
rocks[J]. Marine and Petroleum Geology, 2000, 17: 477-498.
BURKE K, MACGREGOR D S, CAMERON N R. Africa's Pet-
roleum Systems: Four Tectonic 'aces' in the Past 600 Millions
Years [M]/ARTHUR T J, MACGREGOR D S, CAMERON N
R. Petroleum Geology of Africa: New Themes and Developing
Technologies. Bath: Geological Society of London, 2003: 21-60.
PEREZ-DIAZ L, EAGLES G. South Atlantic paleobathymetry
since Early Cretaceous[J]. Scientific Reports, 2017, 7: 1-16.

CUI X Q, WIGNALL B, FREEMAN K H, et al. Early Creta-
ceous marine incursions into South Atlantic rift basins origin-
ated from the south[J]. Communications Earth & Environment,
2023, 4(6): 1-12.

ARAI M. Aptian/Albian (Early Cretaceous) paleogeography of
the South Atlantic: a paleontological perspective[J]. Brazilian
Journal of Geology, 2014, 44(2): 339-350.

LUFT-SOUZA F, FAUTH G, BRUNO M D R, et al. Sergipe-
Alagoas Basin, northeast Brazil: a reference basin for studies on
the early history of the South Atlantic Ocean[J]. Earth-Science
Reviews, 2022, 229: 1-25.

DEBURE M, LASSIN A, MARTY N C, et al. Thermodynamic
evidence of giant salt deposit formation by serpentinization: an
alternative mechanism to solar evaporation[J]. Scientific Reports,
2019,9: 1-11.

ROWAN M G. The South Atlantic and Gulf of Mexico salt
basins: crustal thinning, subsidence and accommodation for salt
and presalt stratalM]/MCCLAY K R, HAMMERSTEIN J A.
Passive Margins: Tectonics, Sedimentation and Magmatism.
Bath: Geological Society of London, 2018: 333-363.

EPIN M E, MANATSCHAL G, SAPIN F, et al. The tectono-
magmatic and subsidence evolution during lithospheric breakup
in a salt-rich rifted margin: insights from a 3D seismic survey

from southern Gabon[J]. Marine and Petroleum Geology, 2021,

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

128: 1-21.

ROWAN M G. Passive-margin salt basins: hyperextension,
evaporite deposition, and salt tectonics[J]. Basin Research, 2014,
26: 154-182.

QUIRK D G, HERTLE M, JEPPESEN J W, et al. Rifting, Sub-
sidence and Continental Break-up above a Mantle Plume in the
Central South Atlantic[M]/MOHRIAK W U, DANFORTH A,
POST P J, et al. Conjugate Divergent Margins. Bath: Geologic-
al Society of London, 2013: 185-214.

FERNANDEZ O, OLAIZ A, CASCONE L, et al. Geophysical
evidence for breakup volcanism in the Angola and Gabon pass-
ive margins[J]. Marine and Petroleum Geology, 2020, 116: 1-
19.

MOHRIAK W, NEMCOK M, ENCISO G. South Atlantic di-
vergent margin evolution: rift-border uplift and salt tectonics in
the basins of SE Brazil[M]/PANKHURST R J, TROUW R A J,
BRITO NEVES B B, et al. West Gondwana: Pre-Cenozoic Cor-
relations across the South Atlantic Region. Bath: Geological So-
ciety of London, 2008: 365-398.

STICA J M, ZALAN P V, FERRARI A L. The evolution of rift-
ing on the volcanic margin of the Pelotas Basin and the contex-
tualization of the Parana-Etendeka LIP in the separation of
Gondwana in the South Atlantic[J]. Marine and Petroleum Geo-
logy, 2014, 50: 1-21.

WARREN 1] K. Evaporites: A Geological Compendium[M].
2nd. Switzerland: Springer International Publishing, 2016.
CROSBY A G, WHITE N J, EDWARDS G R H, et al. Evolu-
tion of deep-water rifted margins: testing depth-dependent ex-
tensional models[J]. Tectonics, 2011, 30: 1-36.

RESTON T J. The opening of the central segment of the South
Atlantic: symmetry and the extension discrepancy[J]. Petroleum
Geoscience, 2010, 16(3): 199-206.

ASLANIAN D, MOULIN M, OLIVET J L, et al. Brazilian and
African passive margins of the central segment of the South At-
lantic Ocean: kinematic constraints[J]. Tectonophysics, 2009,

468: 98-112.


https://doi.org/10.1016/j.jsg.2015.01.010
https://doi.org/10.1016/S0264-8172(00)00006-4
https://doi.org/10.1038/s41598-016-0028-x
https://doi.org/10.5327/Z2317-4889201400020012
https://doi.org/10.5327/Z2317-4889201400020012
https://doi.org/10.1038/s41598-018-37186-2
https://doi.org/10.1111/bre.12043
https://doi.org/10.1016/j.marpetgeo.2013.10.015
https://doi.org/10.1016/j.marpetgeo.2013.10.015
https://doi.org/10.1016/j.marpetgeo.2013.10.015
https://doi.org/10.1144/1354-079309-907
https://doi.org/10.1144/1354-079309-907
https://doi.org/10.1016/j.tecto.2008.12.016

10 Marine Geology Frontiers ML T 202541 A

Progress in the study of the Aptian salt basins in the passive continental margin of
the central South Atlantic
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LI Haibin , CHEN Quanhong , BI Suping”, CHEN lJie
(1 CNOOC International Ltd., Beijing 100028, China;
2 PetroChina Research Institute of Petroleum Exploration & Development, Beijing 100083, China)

Abstract: A set of widespread evaporates was deposited in the conjugate basins in the passive continental mar-
gin of the central South Atlantic during the early Cretaceous Aptian Stage, and the composition of the evaporates
and the origin of the basins are important for the study of the southern Atlantic Ocean evolution and hydrocarbon
exploration. We reviewed the recent progresses in the study of the distribution, age, origin, tectonic and sediment-
ary settings of the evaporates, summarized the main disputes that exist today, and pointed out the reasons of the
disagreements and the resolutions. Results show that (D the thick evaporates were deformed strongly and vari-
ations in width and symmetry are related to the pattern of basin extension and location of the plate breakup.
(@ Biostratigraphy and isotopic dating indicate the salt deposition started at 118-116 Ma and ended at 115-110
Ma, and the differences are caused by incomplete Aptian international framework and scarce radiometric data,
which could be solved by precise correlation of chemostratigraphy. (3 The northern part of the salt basin is richer
in soluble components than the southern part. Compared with the two models of seawater that originated from the
southern ocean and from serpentinization dehydration, the hydrothermal brine model in which seawater is origin-
ated from the northern ocean can better explain its compositional differences and is consistent with paleontologic-
al, paleogeographic and paleoclimate materials. (4) Based on the differences in understanding of ocean-continent
boundaries, the origin of unconformities, and the mechanism of basin subsidence, there are different views on
whether the evaporates were deposited before, after, or during the rifting. Clarifying the nature of the subsalt base-
ment is the key to solving this problem. (3 It is necessary to comprehensively analyze whether the salt rock was
deposited in a shallow water deep basin or a shallow water shallow basin environment based on paleoclimate and
paleogeography. Moreover, as evaporation proceeds, the level of the salt basin does not remain unchanged.

Key words: Aptian Salt Bain; salt age; composition difference; salt origin; tectonic-sedimentary setting
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