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Three-dimensional seismic characterization and sedimentary evolution of the Oligocene dendritic submarine
canyons offshore eastern New Zealand

LI Xiang, WANG Biwen, ZHONG Guangfa
State Key Laboratory of Marine Geology, Tongji University, Shanghai 200092, China

Abstract: Previous studies have focused largely on medium-to-large sized submarine canyons, with relatively little attention paid to small
dendritic ones developed at canyon heads. We used high-resolution 3D seismic data to investigate the seismic stratigraphic characteristics and
sedimentary evolution of the Oligocene buried dendritic tributary canyons located at the head of the Bounty Submarine Canyon System on the
eastern continental slope offshore South Island, New Zealand. Through seismic sequence analysis, six seismic sequences separated by seven
seismic horizons with reflection terminations were identified within the Oligocene strata. By seismic depositional element analysis, three
depositional elements were identified, which are scour train, U-shaped valley, and open slope, respectively. The scour train, composed of
multiple scours linearly arranged downslope, was identified as a train of supercritical turbidity-current bedforms. Within each sequence, the
scours were vertically evolved from erosional to partially depositional cyclic steps. The train of scours comprises a discontinuous tributary
canyon, possibly representing an early stage of dendritic canyons. The U-shaped valley appears as a downslope-extending straight depressions in
plan view, filled with alternating turbidites and hemipelagites and minor debris-flow deposits, and was interpreted as a straight tributary canyon.
Subparallel reflections with polygonal faults in the open slope environment were interpreted as fine-grained hemipelagic sediments. The
development of the discontinuous tributary canyons is episodic. The scours gradually decreased in quantity and were filled by fine-grained
sediments over time. The straight tributary canyon showed lateral migration in the upstream and aggradation in the downstream. The evolution
of both tributary canyons was controlled by factors including sea-level change, sediment supply, and slope gradient.

Key words: three-dimensional seismic data; dendritic submarine canyons; scours; cyclic steps; Bounty Submarine Canyon; New Zealand
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Fig.1 Geological background of the study area and surroundings

a: Seabed topographic map offshore of the eastern New Zealand, showing the distribution of major geographical and tectonic units and the Bounty submarine

canyon-channel system'®); b: Enlarged seafloor topographical map of the upper reach of the Bounty canyon-channel system. The red polygon shows the location

of the 3D seismic data used in this study. The black solid line denotes the position of the seismic profile traversing the Galleon-1 well shown in Fig. 3;

c: The structural map of the base of Oligocene submarine canyon system in the study area. Also shown are locations of the seismic profiles shown in Fig. 4

(yellow dotted line) and Fig. 10 (yellow solid lines).
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Fig.2 Tectonic-stratigraphic column in the Canterbury Basin®** -7
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Fig.3 A NW-SE regional seismic profile passing the Galleon-1 well and the study area
This profile shows some age-dated regional seismic horizons (colored dashed lines) in waters offshore of the New Zealand**").
Solid gray lines indicate faults. TWT denotes two-way travel time (same for the following figures). See profile location in Fig. 1b.
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Fig.4 The Oligocene seismic sequences in the study area
a: Uninterpreted, b: interpreted seismic profile. See Fig.1 for the profile location.
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Fig.5 Structural maps and coherence horizon slices of horizons H1-H7

a: Structure maps of horizons H1-H7, b: Coherence slices of horizons H1-H7. The red dashed lines indicate canyon floor boundaries. Note that the density of

polygonal faults decreased from horizons H1 to H5, and few polygonal faults were observed in horizons H6-H7.
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Fig.6 Seismic reflection characteristics of the U-shaped valley

a-c: Cross-sections (left panel) and corresponding interpretation (right panel) across the upper(a), middle (b) and lower (c) reaches of the U-shaped valley;

d: Seismic profile along the canyon thalweg (upper panel) and corresponding interpretation (lower panel); e: Time structural map of horizon H4 and the location

of seismic profiles.
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Fig.7 Root-Mean-Square (RMS) amplitude stratal slices within each seismic sequence

The stratal slices demonstrate the planar evolution of the dendritic submarine canyons in the study area. Slice 1 equally divides sequence S1; slice 2 equally

divides sequence S2, and so forth for other slices. The red dashed line indicates the canyon floor boundary.

FREEAE o B mirdye P 50 380 0 T %) A 00 S S i T R
Ji FRUZ 3N, 53 B R 48 I R )2 B A I3 A AR 7 42 Tt
AT i B Sl S A AR ol T (IRT ), i T LA L T U T
A5t B JEC T i e oA 38 43 1 BR A T B0 B 180, HL e A
W S SR AR AE 8 735 HOREURL Pt B AR AR 0 700 i JiG
B Jay P DX A8 Y AL . 55 IR R S PT REAR R S OKERA
KPR HE RS T T 51 e A A b — 55 PR
O 5 AT REAR R ph LK 7 J5 DA 2 v 40 R DU AR
F AN SFFUORRTY, B A wh s fig ke A e 218
B SRR IE 1 B2 AH 12 20 B W 2 UV IS e 45, T
RER T 93 S IR 1 — PP RUIEAS . 7 2T Y
S, R ARl A R BT 25 S 5 K2 A TR
W, ABARYE DA T RS — 3 X B 5, EA R
TN 53 A1 T vh G B 8 T, AR T)E A — o 1R 1]
S R R, A2 5 T T ) 7 fR: AR G I
&, HAHARE A = i 2 (8] i () BB A — 3, N e
JEAR M H PR 3K Aol 5 4[] ] i AR L [ T 25 A I 4
%=L BA MU AT T A F I SORE 1) 2
JE e, T2 AR 20 58 4 BRI AR S AR 2P N
323 FFARFEH

U B 25 FER Btk np bt 22 8] 25 2L AP G Xk, b
WA V-2%, VI8 B 298 0.4°, Jay i 7Rk mT U 25 6
F I (B S) o BRI 55 4R iR L % 2L 1
ATV AT S5 MR A, U1 R b6 7 A 349 J7 HE 41 R
B, TR BoR, L BIT A & BN 2P

PRASIRAG 18 (B 5) o 3k 4y 3 B 285 7 351 T 199 o A
244 30°~80°, [A] 150~ 700 m, & 75 #b )2 Ay )2 JiF
390~ 710 m, Jf 2 B H P ) AR 080 Y
o ZHURZE ) KR T He JZ A7, AL/ HAT A
R, HIKRAZR T Eia ks (& 10) .

2 5T il T Ay U A (i) s 0 2 A 1 I e 4 L
H, L 2047 — P AT R 45 H I RMS 4k 17 )&
L (=0 797 A = Yrele A AN 18TV 287 S - U 1 RYI A
Wy, f R ki B A PR DT RRE P 2 A R A
W Z L RZ RS0, MR m Bos, BF5E
XZHEWEFELE T LIRS ED-T#iHs
(L6, 8 10) o DX I i 57 5 ) 3% B, 2 i B i 38 30
TR 3 p 45 I Ui 25 U il e IR 5k o 2 R, HObE
U, FKR U E 2 55000 S Z I 2 &
BT LR S

33 ARG EL

i LTIk, WF5E X E 9 U B R ER BROIR rht
FIARER T 73 SRR IR AS (4 W b 28 B, e rp nh 81
i AL A e AR T D BUE A A G,
U BIAR AR T I A A T B0 P R e A%

U USSR Y1 B8 73 S R e 45 19 3 £ v LA
RERI 2 I Be: 2y S1-S4 K71, F J A
W A b 30 AN 1] i AR O 3=, AR DA ZR L 1] 7Y R A
T 2 km( [ 6a), WAy e W UTE [ AR £ o )2



124 YRR M J5 5 56 D0 20 b TR 2025 4F 8 A

AR

JERZEE

8 idyp 5 o vEA £ Hh R S SRR AE
a-f MR UCH JZ 7 Ho—H1 £ G 1 B9 J5) TR (Z2) S )2 S6-S1 84 vh BA L 1 T i Ak () o IR T v YR (U R M 4 AR e o b e J) T 161 o Y
218 [ RN B P T e IR, S FEB A A L T, 4T e 2 A A (R I
Fig.8 Seismic reflection characteristics of the scour train thalwegs
a-f: Enlarged structural maps of horizon H6-H1 (left) and corresponding interpreted seismic profiles (right) for sequence S6-S1, respectively. The colored
circular dotted lines in the structural maps represent scours. The red dots indicate the deepest points of individual scours. Green shaded area represents the

chaotic fill-typed seismic facies, and the red dashed lines represent the composite erosion surfaces.
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Fig.9 Root-mean-square amplitude slices combined with seismic profiles showing the characteristics of the discontinuous and straight

canyons

a: The 3D display of the seismic profiles along the discontinuous canyon thalweg combined with the RMS amplitude slice of Horizon H3. Enlarged seismic

profiles showing details of selected scours; b-e: Enlarged stratal slices 1-4 showing the characteristics of straight canyon. The red lines with white dots lineates

the straight canyon floor.
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Fig.10 Coherence attribute profiles showing polygonal faults in the open continental slope

a: Uninterpreted coherence profiles, b: Interpreted coherence profiles. Red lines indicate faults, and yellow shaded areas indicate the Oligocene interval.

See Fig. 1 for profile location.
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