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Hawke’s Bay, but is in angular unconformity over areas of
post-Miocene to early Pliocene faults and folds; Miocene
strata are truncated by this discordance on the west flank of
Lachlan Ridge. The top-Waipipian reflection identified in
Hawke Bay-1 (basal late Pliocene; blue reflector in Fig. 2),
for which an age is reasonably well established (BP Shell et
al. 1976), also is tracked across most of Hawke Bay. These
two boundaries correspond with sequence boundaries 11 and
10, respectively, of Barnes et al. (2002). The upper
Pleistocene red reflector in Fig. 2 corresponds with sequence
boundary 6 of Barnes et al. (2002).

The stratigraphic package containing the disturbed
reflections, interpreted here as a slump deposit, is located
within the early Pliocene seismic sequence and overlies
directly the basal Pliocene unconformity (Fig. 2). Age-
equivalent strata in onshore Hawke’s Bay contain (Te Aute)
bioclastic limestones of shallow subtidal-neritic origin (Beu
1995; Nelson et al. 2003) and deeper shelf mudrocks.
However, the offshore Hawke Bay-1 well penetrated only
muddy and sandy Pliocene lithologies, but no limestones.
Frederick et al. (2000) have suggested that deposition of the
early Pliocene strata in Lachlan Basin took place in deep
water, possibly as turbidites. We tentatively concur that
deposition took place at water depths corresponding to outer
shelf to slope settings, based on the onlap geometry of lower
Pliocene strata on Lachlan Ridge, and the amount of
accommodation space that must have been available to
produce the sediment wedge that thickens westward from
Lachlan Ridge. However, at this time, we cannot confirm
the actual depositional mechanism for these deposits.

THE LACHLAN BASIN SLUMP

The package of disturbed reflections extends c. 12 km
westward from the flank of Lachlan Ridge, along the line of
profile into Lachlan Basin. It is recognised primarily by
chaotic, discontinuous reflections that are bounded above,

below, and laterally by relatively continuous, coherent
reflections. Overlying reflections onlap the surface of the
slump package (Fig. 2, 3). Notably, the acoustic penetration
through the disturbed package appears similar to that in the
bounding coherent layers. Package thickness varies from c.
0.1 s near its up-dip extent, to 0.25 s (200–300 m, based on
time-depth conversion velocities from Uruski & Funnell 1995
and Barnes et al. 2002) in the central part of the package.
There is a relatively abrupt truncation of the package at its
eastern, up-dip extent, where reflections change from chaotic
to continuous (Fig. 3B). This transition is located 6–8 km
west of the Lachlan Ridge axis. The package appears to
thicken in the down-dip direction. The western edge of the
package pinches out against the lower flank of an antiformal,
fault-cored structure west of Lachlan Ridge. The package
cannot be traced to seismic profiles adjacent CQX 90-08.
Present average slopes for the basal Pliocene boundary and
the top-Waipipian boundary are 6.5° and 3°, respectively
(based on time-depth conversions noted above).

Some faults within the package are recognised by
reflection offsets (Fig. 2B, 3). Discontinuous curvilinear
reflections may also represent folds. Listric and reverse faults
are present in the more proximal reaches of the package,
whereas west-verging thrusts appear more common in the
distal parts (Fig. 2B, 3B). None of the faults extends beyond
the limits of the slump package.

INTERPRETATION AND DISCUSSION

We interpret the package as a slump deposit based on: overall
lenticular geometry; the distinctive character of internal
reflections compared with bounding layers; the general
absence of acoustically reflective layers within the package;
the abrupt up-dip termination against continuous reflections;
and the presence of faults throughout the package, in
particular thrust faults. However, for the latter criterion, some
reflections in the Kidnappers Slide originally interpreted as

Fig. 1 Location of submarine
structures, reflection seismic
profiles, and Hawke Bay-1 well,
Hawke Bay, eastern North Island.
Approximate location of the
post-Miocene Lachlan Basin is
indicated by the 1000 m Pliocene–
Recent isopach (from Field et al.
1997). Location of Lachlan Basin
slump is indicated on profile CQX
90-08; thin arrow shows apparent
direction of slumping (landward).
Stippled area marks the northern
extent of the late Pleistocene
Kidnappers Slide; broad arrow
indicates the general direction of
movement (seaward). Dotted line
is the 100 m bathymetry contour.



 433Ricketts & Nelson—Submarine slumping, Lachlan Basin

F
ig

. 2
P

ar
t 

of
 t

he
 s

ei
sm

ic
 p

ro
fi

le
 C

Q
X

 9
0-

08
, 

ex
te

nd
in

g 
or

th
og

on
al

ly
 f

ro
m

 n
ea

r 
th

e 
L

ac
hl

an
 R

id
ge

 a
xi

s 
w

es
t 

ac
ro

ss
 n

or
th

er
n 

H
aw

ke
 B

ay
. 

A
, 

G
en

er
al

 v
ie

w
 o

f 
th

e 
pr

of
il

e 
sh

ow
in

g 
re

gi
on

al
st

ru
ct

ur
es

, m
aj

or
 s

ei
sm

ic
 s

eq
ue

nc
es

, a
nd

 s
tr

at
ig

ra
ph

ic
 o

nl
ap

 a
nd

 d
ow

nl
ap

 p
at

te
rn

s 
(f

ro
m

 R
ic

ke
tt

s 
et

 a
l. 

20
01

).
 R

ed
 a

nd
 g

re
en

 re
fl

ec
to

rs
 c

or
re

sp
on

d 
to

 b
ou

nd
ar

ie
s 

6 
an

d 
1 1

, r
es

pe
ct

iv
el

y,
 o

f B
ar

ne
s

et
 a

l. 
(2

00
2)

; 
th

e 
bl

ue
 r

ef
le

ct
or

 i
s 

cl
os

e 
to

 t
he

ir
 u

nc
on

fo
rm

it
y 

10
. T

he
 p

ro
fi

le
 h

as
 b

ee
n 

tr
un

ca
te

d 
be

lo
w

 2
.2

 s
 t

w
o-

w
ay

 t
im

e 
(T

W
T

).
 S

P ,
 s

ho
t 

po
in

t. 
B

, 
D

et
ai

l 
of

 t
he

 s
lu

m
p 

pa
ck

ag
e,

 d
ep

ic
ti

ng
in

fe
rr

ed
 f

au
lt

s,
 s

tr
at

ig
ra

ph
ic

 o
nl

ap
 a

cr
os

s 
th

e 
up

pe
r 

su
rf

ac
e 

of
 th

e 
pa

ck
ag

e 
(d

as
he

d 
li

ne
),

 a
nd

 p
in

ch
ou

t o
f 

th
e 

w
es

te
rn

 e
dg

e 
of

 th
e 

pa
ck

ag
e 

ov
er

 th
e 

fl
an

k 
of

 a
n 

ac
ti

ve
ly

 g
ro

w
in

g,
 f

au
lt

ed
 a

nt
ic

li
ne

,
w

es
t o

f 
L

ac
hl

an
 R

id
ge

. P
ro

fi
le

 e
xt

en
t o

f 
th

e 
pa

ck
ag

e 
is

 c
. 1

2
km

. D
et

ai
ls

 o
f 

pr
of

il
e 

se
gm

en
ts

 A
 a

nd
 B

 a
re

 s
ho

w
n 

in
 F

ig
. 3

.



434 New Zealand Journal of Geology and Geophysics, 2004, Vol. 47

thrust faults have been subsequently reinterpreted as rotated
bedding by Barnes & Lewis (1991), and a similar cautionary
note is made here.

The criteria noted above have been used by Piper et al.
(1999) to distinguish debris flow-slide facies from submarine
channel facies in latest Quaternary submarine fan deposits
in Santa Monica Basin. In particular, they note that channel
deposits tend to “backscatter” acoustic signals, limiting the
degree of penetration. In contrast, the Hawke Bay package
has returned relatively strong, albeit discontinuous
reflections.

The early Pliocene growth stage of Lachlan Ridge was
accompanied by truncation of Miocene strata and subsequent
onlap of the discordance. The slump package that directly
overlies the basal Pliocene discordance on the western flank
of the ridge was derived from earlier Pliocene strata. Original
depositional dips were probably close to slope values
(1–5°). However, some oversteepening and rotation of these
slopes took place as a result of continued uplift on Lachlan
Ridge during the Pliocene and Pleistocene. Mass transport
of sediment was landward, opposite that for the younger
Kidnappers Slide and other major slope failure complexes
in the region.
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