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Abstract. Antarctica recorded a Cenozoic geologic history of continental growth, breakup and dispersal, global
cooling and the development of continental-scale Antarctic ice sheet. Despite the importance of Antarctica, there
has not been an integrated view of the Cenozoic tectonic evolution of the region as a whole. In this Review, we
identify the Tasmania gateway and Drake Passage, and present their overlapping and interconnected tectonic,
magmatic and sedimentary history of Antarctica, South America and Australia. Antarctic Circumpolar Current
(ACC), which occurred in the late Eocene to early Oligocene, was most impacted by the opening history of Drake
Passage and the Tasmania gateway. Our comprehensive analysis and contrastive study show that the beginning of
ACC corresponds to the transition from “warmhouse” to “coolhouse” phase at 34 Ma, indicating the development
of ACC was controlled by the tectonic gateways, which in turn affected global climate. We conclude by briefly
summarizing the Cenozoic geologic history of the Antarctic system as a whole, and how it provides insight into
continent-ocean configuration patterns and what key topics must be addressed by future research are disscussed as
well.
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i ( Kennett, 1977; Wilson et al. , 2013; Cook et
al. , 2016; Jovaneet al. , 2019) , 5 —Fh WA N 2
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B Il = KMot (FMRAE & SE, 2008), id
ST HERE AL b 2 K M R A, W AR R
FElv . Zal Je W, LR K —ER sy (1),
o R 2 PR B R R PR VR BD R VER T, AR
ENEEAR e 2y 2y Ab ) EE e 7R B A RN IR U 22 1) B
H)RE S % F M38 ( ~ 164 Ma; Miieller and Jokat,
2019) EJVEE A B 7R B 2 5 IO R Al B 22 T T bR
KEHND M (Stagg et al. , 2004), g fH /R
(Weddell Sea) A R £1 160 ~ 145 Ma i JiT
1l S W48 7= T AR DR R B 22 1D 0 24 A, 29 138
Ma 4 35 FEIE I 2 (8] FF 45 i o9 246 o B 1 1) 490
(~99.6 Ma), RV, WK A F0FG B IHIE 1T
—ANER KB WIS (25 McKenna,
1973) ,

L ECHE  (earth _relief_01m) . hitp: //mirrors. uste. edu. cn/
gmt/data/ ; &% 59 The Generic Mapping Tools (GMT, v6.1.0)

B B R A B IR A T

Fig. 1  Continent-ocean configuration pattern map of the Circum-
Antarctic region

Earth relief data with 1 arc-minute resolution ( earth _relief_

01m) are from the website: http: //mirrors. ustc. edu. en/gmt/
data/; Data visualization by The Generic Mapping Tools (GMT,
v6.1.0)
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ZUCAK FHFE—F (Paterson and Ducea, 2015)
B AL R 1S 2 #F 5 (South Shetland
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(Hathway and Lomas, 1998), WX 7A . fEE kIl
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Island) M FE/R#T2¥ S (Byers Peninsula) A9k 1
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FFAE 91 Ma 2 A K ILs (BATIEFY AR, 19955 5%
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Fig. 2 Reconstruction of Antarctica and its surrounding areas since the late Cretaceous

Euler rotation parameters of relevant oceanic crust regions were calculated based on geometric characteristics of marine magnetic

anomaly and fracture zones constraints, following the precondition that the stage rotation rate was constant. Gplates software was applied

to reconstruct the kinematic process of all tectonic units. The model is also constrained by tectonic events such as intracontinental

extensional history, strike-slip and deformation records. Additionally, the paleomagnetic data are used to verify and iterate the model.

The reconstruction of the Scotia Sea region is based on van de Lagemaat (2021). Data visualization by Gplates and GMT software.
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Fig. 3  Seafloor spreading map around the Antarctic since 65 Ma

Reconstruction data are derived from the global-scale plate motion models by Seton et al. , 2012; Miiller et al. , 2018, 2019; Wessel

et al. , 2019; Van De Lagemaat et al. , 2021 ; Data visualization by Gplates and GMT software.
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1 AERGHEBEER
Table 1

Paleomagnetic data from West Antarctica

JEJe v ik B i A pP I TE LY 20 Ma 253K, JR R
A5 b R R A SIS 4 i JRy BRAE 4 K 1 B R 9 v
P RAS 22 B 00 A JRAE T R A AE 2 20 Ma B 1E
(Fretzdorff et al. , 2004) ., 20 Ma &4 &1 w2 /K KA
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fH3yE 0% ( Bransfield Strait) )5 2 $T T, T2 i
TRIK 2000 m A Xk b 45 XA i i Zx L (Larter
and Barker, 1991) ,

i Hb R

v FER T X N/n

LRE/(°S) BRIE/(PE)  Ags/(°)

Byers Peninsula, Livingston Island,

1 140 M: 4 . . . > 1993
0 Ma South Shetland Islands 60.0 50.0 93 Grunow, 199
Watts et al. , 1984; Grunow, 1993; Bakhmutov
2 110 Ma  SSI and AP ( Northern AP) 23 81.1 170.0 6.2
and Shpyra, 2011; Gao et al. , 2018
3 90 Ma SSI and AP ( Northern AP) 50 86.8 113.0 3.4 Poblete et al. , 2011
Grunow, 1993; Nawrocki et al., 2010;
4 55 Ma SSI ( Northern AP) 40 85.0 45.5 5.6 Bakhmutov and Shpyra, 2011; Poblete et al. ,
2011; Gao et al. , 2018
5 27 Ma Kerguelen islands ( Antarctic Plate) 233 85.3 9.3 2.3 Camps et al. , 2007
6 5 Ma James Ross Island volcanics 85.7 30.7 7.0 Kristjdnsson et al. , 2005
7 108 Ma  OC and EEL ( Southern AP) 5 65.2 193.9 17.7 Kellogg, 1980
8 105 Ma LC (Southern AP) 5 82.6 274.8 9.0 Kellogg and Rowley, 1978
A0 Maller et a1.2019) B v 5 e Ak D7 S ) R L 2 A K
e ——Miiller et al.(2016 . "
Z2N ~—Torsvik et al (201) FFFLE (003 /3 A0 8 5 1 B8 09 4 AL A7 VDR L o B
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: ‘ AINDUFIASHE B, 19885 &AM, 1990), Ty
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HAY/Ma SAEE o IR B (BN SR, 19965 RZIE,

K4 aZLEURBFRESEE (%5, 1008, 65°W)
Fig. 4 Paleolatitudes of the Antarctic since the Cretaceousrelative

to a reference point on the Antarctic Peninsula (70°S, 65°W)
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X TG R L AR D L ok B L % o B
Hb R A5 R AR VKRS AL I I I, KRB A
T T LUK B 52 A UK N DURUR B, KRR 2 4 B
BN B R S ER B N % X vk S v AL SR A T o, B
B L 5T — 6 B8 V0t T R T B A AR DU U 2
[EAEIC % 1 Al oK o M B A6 (% 2. (Hambrey and
Mckevel, 2000), HUEFEEMZE | b AP AT M
TS TR (E A, 1998),



*

%541 A

L S T A AR I A R 22 X X A RS 7 AL B4 R TR

873

3 Wik E5E®
3.1 FERSHKSIBTN S EIR KT R

RIT, MRAEZAEPTRRRRN 2.3 TR B A
HOAE T A A T R R T R TR L B A R
% # i 4 ( Cenozoic Global Reference Benthic
Foraminifer Carbon and Oxygen Isotope Dataset, f&jFK
CENOGRID) ( Westerhold et al. , 2020) , 3 i K%k
PGt A, o i | R W= Rk E Y
ARES . RS 56 Ma £5425] 47 Ma; REM
A/ C

5 66~ 56 Ma, 47 ~34 Ma B 115 %3RS N
34 Ma 5 3.3 Ma, Lk 13.9 Ma N 55 W4 B Bt ;
KEREM 3.3 Ma F582 24 (K 5), wALEE 2
7 VAR LV 2 DK 3R 2 b sk ) 1 5
47 Ma ZJ5 , ff 5 P I8 2l R B R BOR L F) 34
Ma % b AT FMPR S ( Westerhold et al. , 2020)
34 Ma & B Al L BT i A0 S0 b O BN WG R R T
B ity SR Z 28 KE . iR
BRI 5 56 T IR o3 B S BUIX) B 4N Rl e 5
& (Lyle et al. , 2008) . FIRZEWIFI (ACC) B
(K2, B3, B 5; Barker and Thomas, 2004) ,

- b8 121620 mEE MW WREWE
# %
=" N lw"ﬁmmwmyégwwmmw #
jE Sk 3
it s Q¥ k
10 | = * 3
| = i1 #
;F <. -
R T = ar W FITRCEHES I
| S | ALE U s e nms
20 = L2 L
7 =W M Y] ﬁ §
| St omm |8 %
I =5 Lt
=2 LA T
] =
13 #
30 |t
| #
T et O A | L TSI,
| = 5
= ik
1 1 sRaEeR |
40 — H oo
1
I
it
50 e
| %
| e = e
A ki
Kk
T
Hv i
eh
ST AT .
50403 2 1 0 -1 2
3"%0/%o

MR 3 Zachos et al. , 2001; Livermore et al. , 2007; Westerhold et al. , 2020; 2021-2030 HuBERF} 24K J& g AFIT 4L, 2021 &k, B E A Z5dE =
B ZUCRTEA BT (ODP) | MEEHITR] (10DP) BUR ™A, P BT HEERIE T Westerhold et al. , 2020 2484 2

Bs5 HAERBRAREGS 2RI ELMAL

Fig. 5 Cenozoic geological events in the Antarctic compared with global climate changes

This Graph is modified after Zachos et al. , 2001; Livermore et al. , 2007; Westerhold et al. , 2020; 2021 -2030 Earth Science
Development Strategy Research Group, 2021. Deep-sea oxygen isotope data, mainly collected by Ocean Drilling Program ( ODP) and
Integrated Ocean Drilling Program (I0DP ), mined from the database provided by Westerhold et al. , 2020
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Van De Lagemaatet al. , 2021), A 2=#& RIE M4k
W22 S N R AR ST AT TR AR R T e 2 e 56
AR B2k B 2 (BB B T — A 98 H IR A Bl R
BEL 1k 7 9 i I Bl A S W 52 i, H i T AR B Rl Y
FHAS E B Bt ACC A B (K 2; Livermore
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2006) , HOHT I LUK 2 B 9T 9T 0 i 2 A
kAl (#5)

FE AR ER A B F 2 NI, R 56 Al B VY 1) A 48 X
sz - 2 = VI SRR S NI 20| I NI I S /TR
( Whittaker et al. , 2007; Miiller et al., 2016;
Torsvik et al. , 2017; Vaes et al. , 2019) , H}[&] 518
Tk YR A SV 0 R A B 2 ) B S0 2 T W ¥ K DT
B4 (Bijl et al. , 2013), i A] K JE il 42 5Kk 78
BR AW E AT X — B[ (Cramwinckel et al. |
2018) , JFFHINN 5 B H HE L kORI 42 55 S L fok
T O fk R h AR KRR Y R T B ek
AR AT X (Kump et al., 2000) 46 3
LDk B T B A AR Ve Y 3 B b, 2 3 Al B )
YA 78 A E i R 58 2 T IT, SR ORAY ACC JE
(Hill et al. , 2013; Houben et al. , 2019), fE# T
T A W 118 JE — 2D 8 T 5 IR MY R AR G
REAK (Sijp et al., 2014), Fyrg e B9 vk 1 1E
PEAE T et A, A 1Y AR A R T P iR R
TH RS 350 80 v S A L Y ) 9 U BR A, E T B2 M 4n BR
S (Katzet al., 2011) , R HES, TFiA

Martin. ,

5 b DO AR A A T SR T LA - I AR Y AR
AR, b T B S i 2 R 0 K R
B, mw S AUE RAER 6. MR OR I K 7Y =
T it I B Ak BV A R (TR R,
1990; B il A i, 1998) . 120 it UK 4 48 K15
iR Gt e B AR oK R JE DTRIE 3¢, HEI 0K 55 TR IR
B RW (~36.0 Ma) EE|XVWEH (Wise et al. |
1992) , i £ ) g A i 2% Ak B RE T JT IR BR AR, 3F
T 32 35 1 A ) A R 265 0 5 B30 W oK 55 R B, M
BRAUE R ST I R vk A, xR A
BRA M 72 A BB A 2 W ( Kennett, 1977; Scher,
2017) o A HT Ok A B A0 B VR A% R LAY
ACC UIr, 3 S0rg i KA 22 %, 1l oK1 5
R VKIS TE B (R 4L B %, 2008; Munday et
al. , 2015) . iy A= WUk 45 Uk B 7 B A 5 4h ok
MLE S TR, W % 95 3R 50T I A H) T 4
P, 34 Ma 43R R G AR M B R R 1
SR, TN GE M S 8 2 AR S R A UK [ AP
BN A E IR
3.2 HEREBREE-SEIE

I 20 P R TR Ol B RR LR AT OT, fff ACC ML
By K mmse (B2, B3, BS5), FEELSE
25 PROK B R LR Ok B s, T A B A TR Y
R M K B K VE T K J6 B ((Eagles et al.
2006) , £ 14 Ma B M vk 7 Bl 38 Al i R LA DK 5
P E A 3R A 7S ¥ R Fh PR i, T RS TR AR
Rk A% B A% ] M A9 53 4 (Kennett et al. ,
1977; Cook et al. , 2016) , 7E¥& EHERE — i Bop
(25~14 Ma) , A Jal 0 DAfi 0 3 0 A Jod 3
HIAEE (Westerhold et al. , 2020) , T 57 i
MER4E /R fi#H (Melville Piont Formation) X B A —
BN, DURT LU oK Oy sl | iR
REEREE , UL R Al DK 5 BRSSO O, s 46 18 TR ik
KA A A B2 13.9 Ma 22 J5 H SR E 1915 5
BTG R, 5AOE BOR AR K 56 R 2, F)
3.3 Ma 9 UK HUBR UM R G0 i = A, 5L
WK 358 LRI 26 240 ( Westerhold et al. , 2020)

A A B i T R B T 22 S R R B R B R
KA | w56 Al bk i) 2 10 (1] 2, &1 3)
5534 Ma SRSt 02 = 3 AV = T A &
— 3P, P2 14 Ma R EHEAVKE, WX
TR SO JE 58 AT T 33 ACC U A BRI
KRB IR, 7T UL, 7 A AR LAk Y 42 Bk <M 2
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165 B A 1 v Bl 28 AT e R G R M ik, AR R T AR/
B PR AR v | H AR ORT T e A UK AR A R A
IRFNRZ WK T MY ACC 5 2Bk 21 4 2 1) % il
BT 2 2 RS R VR B IR ER PR U, R OR U e ik
i (Great Ocean Conveyer Belt) , 77 £ B KEE
POV, T BELAT PR ) g A gk
3.3 FELRRERE RIEH -SSR
RN Z N RGESEME R, B
A AR S A4 R R T AR R SR 1 D AR SR B B s R
AL ot vk SR A R BRI 5 IR % SR Co, ik
JEARACE ARG, 23 SRR T AL R P T R A
B HO A OB A S (BT S5) o 65 Ma B4
Gt JEL TR T Btk 0 BE 5 42 Bk R SRR = AR DL R R
B Z (AW AFTE — B R . 55~50 Ma EJEE AR Jv
I e iR B B, A K -8 AR S B R 1 B
CO, BJlt; 50 ~25 Ma WA KIE S RIZL, R
CO, e 2t T i HAEFF R0 K, 5 A s
g, KA CO, I I 2218 [ K1 3
25 Ma LUK G Sh LB B AR/, R CO, MR
BAREFEEBRRAKFE (Guo et al. |, 2021)
EWI P TS | AL PERES  (Brabant Island)
FHKSE 5 ( Deception Island) & & A #r it 22 i k
A, o 008 TR LA I 4 28 LAY i B X
oA, Mt X s, RRFs L EE LA
WML 22 5 S8 2 A & O30T 2 38 5 v R R A
e By B R BT I 28 KL X, A N B Y R R
AT =M X RCA I A BRI A K
Bk E FEAL T K TS, EEAEREE
FOR . BOIR A E R IE TR e . KRS
(%0 Ar/ % Ar AR 7R T8 OIS R4 P ZE 6 ~ 4 Ma 2
Gl , #B4FAE 1.69~0.13 Ma Z A ( Smellie et al. ,
2008) . 34025 I B X XIS A AR R 1Y B2 i S
TEAE, N7 e B DXy A T SR A R E
A 22 0 A IR P e A 2 BT 22 S B9 9T IT 3
MRS 2B S5 MFE S 4% (Barker and
Burrell, 1982), {24 fift ul v we () F7 R BH R 1 A=
YR A0, JE BT AN [R) & 05 0 4 1 A ) Bl A
= AR IR TR o 2 b TN AT B 5k T A B BOAY
VUL NS F b, R A B ) AT Dk TR
A 22 37 3 7K 8 U Wk v e 2 b 22 b A AR A R S
T A 5K L T RS 0 A A R B R B kLD
SR K | M A5 T AL S I A O 3 BR B M X
(SIEFOHRAE , 2020) A = i = 8 18 I e A B

SRR IC IR FE 3R 28 A2 i, T v e 2 b
e e E iz gy, S BOh AR R 4 o ) Ak
TR Y sk A0 W AT ok w s A8 B B, JF R
J5E A O[] 1 3B #b 3L T B K T ARURR AR
(Schreider et al. , 2014) . Fg %87 T 20 W 0 1 <
(72 A 5 T A b R ORE 2 b s SRS Bl I Rl AR R AR
AL G (K 5), HRWRAIR AL
EIPOIEES= S TR (A AR - R e (U
PEE .

4 HRREZE

PR UK GG B AE T 40 A2 AR K BRI . 4 B
W, WS, WE AR, Y 2R
feicsk, A AT m A% dn ey 5 Ak i B A T AR
REHER, BN ] EATR R RZ R F
M s AR, P R R AR, R
SR, TR B A B AE AR DLk A B i b B U B
LS R B S0 RRE NN W E N N Rl I A ]
A AR LA Ok b 5 3o 5 A UK AR KR S G &R
R p A g A A S A BRI AR A, W] DL A
HH 3t Jor 7 A 0 A 72 A B 9K Bl o B, B 4 b
ARoKAMRAAE

RS IR (ACC) J& A B e K i M % it
BRIV EDEREMRERE (K1), BEES2K
AR A EEN MG, W RE . ERY.
£ Bk DA R AR T 22 ) A MR S e, B R
HuBR A A5 7 A2 T sR B R e, TR R BRI B RS
JFFSARTE R, ROR SRR E] ACC HY 4G 2 s L A
SRE, IS MR L K AR BT R 3 O S R 2 T R
FE ORI IRIREE, 1R R E AR R
FERL

JEBRK, W M i R AR B, s R
oA S b vk 5 3 A R IR R L DA AE: AT i i
I S B AN R Bl W i ol 2 3 ]
R G A T A T AR AT AT A ) AR A D
SRR, JF HA AT AR K b 2R S N B i vk =
M #ERZE (Westerhold et al. |, 2020) , 77 X
— 3 NZETH g T Yo AH X 55 19 M IX T & £ 18] )= A
A S R E SO raa b, W ROKE A A
Pl O 11 4 5 FIAL REZE i R AL . K I - R 2
NS R QSRR T VO TANIY N - BN - R 57
PLHE & B G A= 25 R A M RN A (& =R AR,
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2019) , T ZETEAH A 3 BR Y BRI M B UE A S, W
BEHE— 2 W 50 ARG AR S B A L A
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