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ABSTRACT

Approximately 3,500 km of continuous seismic reflection profiles 

and the stratigraphy at Deep Sea Drilling Project (DSDP) Sites 207 and 

208 from Leg 21 have been used to interpret the Late Cretaceous to 

Quaternary sedimentary development of the Lord Howe Rise and the Dampier 

Ridge. During the Late Cretaceous, the Lord Howe Rise was part of a 

broad continental margin off eastern Australia. The acoustic basement 

under the Lord Howe Rise and the Dampier Ridge resembles volcanic ter­

rain composed of lava flows and volcanic cones. Under the Southern Lord 

Howe Rise a rhyolite composition for the basement is inferred from the 

stratigraphy of DSDP Site 207; however, this composition cannot be 

extrapolated to the Northern Lord Howe Rise or the Dampier Ridge.

From Late Cretaceous to Early Tertiary time the Southern Lord Howe 

Riso underwent an interval of tectonic activity characterized by fault­

ing of the acoustic basement, subsidence from shallow shelf to middle 

bathyal depths, and volcanism. During this same interval, the Northern 

Lord llowc Rise and the Dampier Ridge were tectonically stable.

A regional disconformity, centered in the Middle Tertiary, is 

identified paleontologically at DSDP Sites 207 and 208 and is traced 

geophysically through the transparent sediment of the Southern Lord Howe 

Rise and through the opaque sediments of the Northern Lord Howe Rise and 

the Dampier Ridge. A late Cretaceous to middle Tertiary "circumpolar" 

current, controlled by plate motions between Australia and Antarctica 

and intensified during the Middle Tertiary glaciation of Antarctica 

(Kennett and others, 1972), may be the cause for this regional discon­

formity.
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From Late Tertiary to Quaternary time 300 m to 500 m of undisturbed 

pelagic ooze was deposited above the acoustic basement. These sediments 

have smoothed the topography of the Lord Howe Rise and the Dampier 

Ridge. Bottom cui'rents, slumping, and differential compaction have 

modified the sediment distribution on the crest of the Southern Lord 

Howe Rise and on the slopes of the Lord Howe Rise and the Dampier Ridge, 

as well as sediments adjacent to basement outcrops.



INTRODUCTION

The Lord Howe Rise (Pig. 1) is a prominent bathymetric high located 

in the Tasman Sea between Australia and New Zealand. It is bounded by 

the Coral Sea Basin on the north (not shown in Fig. 1), the New Cale­

donia Basin on the east, the Challenger Plateau on the south, and the 

Tasman Basin on the west. The Lord Howe Rise is approximately 2,000 km 

in length and varies from 250 km to 600 km in width. It trends gene­

rally north to south; however, south of 33°S latitude a northwest to 

southeast trend predominates. The crest of the Rise (shaded area in 

Pig. 1) is characterized by rolling topography and is between 1,000 m 

and 1,800 m in depth. Basement pinnacles (not illustrated in Fig. 1) 

are scattered along the Southern Lord Howe Rise (Andrews and Fade, 1973), 

some of which form the Anne Merceded Ridge (Van der Linden, in press).

'ITie northern sections of the Dampicr Ridge and the Lord Howe Island 

seamount chain, between latitudes 20°S and 26°S, are also included 

within the study area. The trend of these structures parallels that of 

the Lord Howe Rise, except south of 34°S latitude where their identity 

is lost.

The tectonic setting of the Lord Howe Rise conforms to the defini­

tion of an oceanic rise suggested by Heezen and others (1959), in most 

aspects. The Rise is aseismic (Barazangi and Dorman, 1969), rises a 

kilometer, or more, above the Tasman Basin and the New Caledonia Basin 

(Mammerickx and others, 1971), and is isolated from active mid-oceanic 

ridges of the Southwest Pacific Ocean and from the Australian continen­

tal margin (Isacks and others, 1968). However, the southern margin of 

the Lord Howe Rise does not conform to Heezen and others' (1959) cri­

terion as it is contiguous to the Challenger Plateau, which is suggested
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Figure 1. Bathymetry of the study area (modified after Maimnerickx and 

others, 1971) showing shiptracks of Leg 4 KANA KHOKI (solid line) and 

Leg 21 GLOiMAR CHALLENGER (broken line). Numbered track segments refer 

to locations of seismic reflection profiles cited in text. Position 

control by SATNAV. The crest of the Lord Howe Rise is delineated by 

shading. Contours in fathoms.
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by Van der Linden (in press) to be part of the New Zealand continental 

margin. Andrews and F.ade (1973) identify the Challenger Plateau as the 

southeastern portion of the Lord Howe Rise, in which case the Lord Howe 

Rise is also contiguous to the New Zealand continental margin.

Plate motions in the Southwest Pacific include the Late Cretaceous 

migration of the New Zealand Plateau from Antarctica (Christoffcl and 

Falconer, 1972), the Late Cretaceous to Paleocene formation of the cen­

tral Tasman Basin and subsequent migration of the Lord Howe Rise away 

from eastern Australia (Hayes and Ringis, 1973), and the Eocene forma­

tion of the Southeast Indian Ocean and migration of Australia away from 

Antarctica (Weissel and Hayes, 1972). Apparently, prior to the Late 

Cretaceous, the Lord Howe Rise was adjacent to, or part of, the eastern 

Australia continental margin and the northwestern margin of New Zealand. 

It may have resembled a "plateau" margin (Menard, 1964), such as the 

Campbell Plateau southwest of New Zealand.

Previous marine geophysical studies of the Lord Howe Rise are 

limited; furthermore, the interpretations of the data have been contro­

versial. Comparison of the velocity structure and crustal thickness of 

the Lord Howe Rise with those of the Australian continental margin led 

Shor and others (1971) to favor a continental origin for the crust of 

tlie Lord Howe Rise. Solomon and Biehler (1969) and Woodward and Hunt 

(1970) suggest that gravity and magnetic data from the Lord Howe Rise 

provide further evidence for its continental structure. Alternatively, 

Menard (1964) suggests the Lord Howe Rise is one section of an ancient, 

highly fractured mid-ocean ridge system, the Melanesian Rise. Ludwig 

and others (1970) also suggest that the structure of an oceanic rise,
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such as the Lord Howe Rise, represents a more complex stage of mid-ocean 

ridge development, possibly older and more mature. A third alternative, 

based upon the late Cretaceous location of the Lord Howe Rise with res­

pect to the Australian continent and its crustal structure, migh include 

marginal basin development. Menard (1967) and Ludwig and others (1970) 

suggest that marginal basins arc a modification of normal oceanic crust 

which results in a structure intermediate between continental and oceanic 

crust.

Seismic reflection profiles collected from the Lord Howe Rise show 

the acoustic basement to be composed of complex, deformed structures 

(Hout7. and others, 1967; Menard, 1969). Menard (1969) observed folded 

and faulted sediments and volcanic features within the basement which 

appeared to be eroded by subaerial processes. Following subsidence, 

the Rise was buried by thick, undisturbed pelagic sediments. Menard 

(1969) suggests that the acoustic basement is composed of foraminifcral 

chalk of middle to upper Miocene age; however, he appears to have sam­

pled an outcrop of younger pelagic sediment above the basement. Houtz 

and others (1967) suggest the surface of the acoustic basement under 

the Southern Lord Howe Rise is unconformably overlain by transparent 

pelagic sediments of upper Focenc age, or older. Moreover, they make 

the highly speculative assumption that the acoustic basement resembles 

the Permian to Jurassic schists and graywackes thought to form the 

acoustic basement under the Chatham Rise, southeast of New Zealand.

Regarding this comparison between the acoustic basements under the 

Southern Lord Howe Rise and the Chatham Rise, recent profiler data from 

the Chatham Rise (Austin and others, 1973) indicate a complex horst and



graben basement structure with 3,000 m, or more, of mildly deformed 

sediment, in basement depressions. These sediments are unconformably 

overlain by 900 m of undisturbed pelagic sediments which are correlated 

with Tertiary limestone from the Chatham Islands. In addition, Austin 

and others (1973) suggest that a middle Tertiary unconformity, observed 

on the Chatham Islands, may be traced within the undisturbed sediments. 

The complex basement structure and numerous unconformities within the 

overlying sediments makes any direct comparison between the Southern 

Lord Howe Rise and the Chatham Rise very uncertain.

In the present study an analysis of seismic reflection profiles 

collected from the Lord Howe Rise and the Dampier Ridge was undertaken 

to further resolve the basement structure and the sedimentary develop­

ment of these features.
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DATA PRESENTATION 

In 1971, the Hawaii Institute of Geophysics, during Leg 4 of KANA 

KEOKI cruise KK 71-04-26, obtained approximately 2,500 km of seismic 

reflection data across the Lord Howe Rise, the Lord Howe Island sea­

mounts and the Pampier Rise. An equivalent amount of seismic reflection 

data were collected by the Deepsea Drilling Project (DSDP) during Leg 21 

of GLOMAR CHALLENGER, of which 1,000 km were analyzed. The locations of 

KANA KEOKI and GLOMAR CHALLENGER seismic profiles are plotted in Figure 

1. The KANA KEOKI seismic profiles are reproduced in Plates 1 through 

5. Interpretive line drawings are presented in Figures 3 through 8.

The seismic profiler system used on the KANA KEOKI consisted of a 

9,500 joule EG I, G sparkarray operated in conjunction with a 40 cu. in. 

PAR air cannon. The incoming signal was preamplified and filtered into 

two pass bands: (1) low frequency, ranging from 30 Hz to 90 Hz, and

(2) high frequency, ranging from 100 Hz to 250 Hz. This signal was 

displayed on Alpine Model 465 "wet" paper recorders which were synchro­

nized at a 5 sec sweep rate. Further details of this profiler system 

are discussed by Kroenke and Woollard (1968) and Kroenke (1972).

The seismic profiler system used on the GLOMAR CHALLENGER consisted 

of a 5 cu. in. air cannon operated in tandem with a 30 cu. in. air can-· 

non. The incoming signal normally was filtered between 80 Hz and 320 

Hz and displayed on an EDO "dry" paper recorder with a 5 sec sweep rate.

Stratigraphic Correlation

Correlation of DSDP stratigraphy at Site 207 on the Southern Lord

Howe Rise and Site 208 on the Northern Lord Howe Rise is illustrated in 

Figure 2. Stratigraphy at DSDP Sites 207 and 208 is based upon Burns
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Figure 2. Correlation of DSDP stratigraphy with KANA KEOKI seismic 

profiles collected near DSDP Site 207 on the Southern Lord Ilowe Rise (A) 

and DSDP Site 208 on the Northern Lord Howe Rise (B). DSDP stratigraphy 

is modified after Burns and others (1972, 1973). Markings on the seis­

mic profiles indicate: the intersection of other seismic profiles cited 

in the text (numbered arrows); the approximate location and depth of 

the drillholes (thick inverted "T"); and tlie acoustic basement (shaded). 

Seismic profile A is not presented elsewhere in the text; seismic pro­

file B is the right side of profile 9 in Fig. 6.
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and others (1972, 1973). Sonic velocity measurements from DSDP Sites 

207 and 208 (Fig. 2, far righthand columns) were used to convert stra- 

tigraphic depth into two-way travel time for direct comparison of DSDP 

Site lithology and age with acoustic reflectors. The accuracy of these 

correlations is +_ 10 m. It is limited by visual interpretation, which 

allows the depth to a reflector to be "picked" within +_ 0.01 sec (+ 10 m 

assuming a sediment velocity of 2.0 km/s), and by the profiler system, 

which allow's the resolution of these sub-bottom strata separated by more 

than 1/4 wavelength of the recording frequency, i.e. 2 m to 16 m using a 

frequency range of 30 Hz to 250 Hz.

As DSDP Site 207 on the Southern Lord Howe Rise is located on a 

KANA KEOKI shiptrack (Fig. 2A), direct correlation between DSDP strati­

graphy and acoustic reflectors is established. The transparent sediments 

between the seafloor and the acoustic basement (shaded) are correlated 

with unconsolidated to scini-consolidated nannofossil oozes of Early 

Eocene to Late Pleistocene age. Nannofossil ooze of Ilolocene age was 

obtained by piston coring from the KANA KEOKI near DSDP Site 207. This 

implies that the top few meters of sediment on the seafloor were not 

cored at DSDP Site 207, probably the result of drilling disturbances.

Reflector U (heavy line) is centered at, or immediately above, the 

Middle Eocene disconformity identified at DSDP Site 207. An increase 

in bulk density, associated with a chert layer located below the discon­

formity, is the probable acoustic source of this reflector. The hiatus 

represented by this disconformity is obscure as Middle Miocene sediment 

is intercalated between early Late Eocene and middle Middle Eocene sedi­

ments (Burns and others, 1973). Burns and others (1973) suggest the

10



following explanation for this stratigraphic sequence: "... the non­

deposition or erosjon of Oligocene and Early Miocene sediments, con­

tinued deposition during the early Middle Miocene and slumped deposi­

tion during the late Middle Miocene during which time Late Eocene sedi­

ments were transported into the area."

The acoustic basement of the Southern Lord Howe Rise is a thick 

(0.25 sec) opaque zone (shaded) which may be resolved into short, dis­

continuous "subbasement" reflections suggestive of deeper structure.

The term "acoustic basement" generally refers to the deepest, conti­

nuously traced reflector below which no further seismic penetration 

occurs. But, in this paper the term acoustic basement will be used to 

denote the entire opaque zone below the transparent sediments; and the 

term subbasement, the deeper structure delineated within this zone.

On the basis of sonic velocity measurements (Burns and others, 

1973) the surface of the acoustic basement at DSDP Site 207 can be 

correlated with nannofossil ooze of Early Eocene age. It appears to 

be related to an increase in bulk density and sonic velocity, possibly 

associated with a chert layer. The surface of the acoustic basement 

observed on the KANA KEOKI profile is slightly shallower than that ob­

served by Andrews and others (1973) on the GLOMAR CHALLENGER profiles 

at DSDP Site 207 (289 m compared with 309 m). This variation in the 

depth to acoustic basement is probably caused by different frequencies 

and recording geometries used in the two profiling systems. Andrews 

and others (1973) suggest that the acoustic basement on the GLOMAR 

CHALLENGER profiles marks the boundary between nannofossil chalk of 

Maestrichtian age and silty claystone of Late Cretaceous age.

11



The subbasement reflections on the ΚΑΝΑ ΚΠΟΚΙ profiles are not 

directly correlated with DSDP Site 207 stratigraphy because of their 

discontinuous signals. However, they are probably related to the numer­

ous changes in physical properties associated with nannofossil chalk, 

silty claystone, lapilli tuff and rhyolite lava flows and breccias in 

the lower half of the core. The largest changes in physical properties 

mark the approximate boundary between the silty claystone and lapilli 

tuff. The deepest subbasement reflectors are probably associated with 

rhyolite lavas and breccias at the base of hole 207. These lavas are 

dated as Late Cretaceous (92 my bp) by Burns and others (1975).

The paleobathymetry of DSDP Site 207 (Burns and others, 1973) is 

relevant to the tectonic interpretations of the Southern Lord Howe Rise. 

Burns and others (1973) suggest the Late Cretaceous Southern Rise was a 

shallow shelf with a restricted oceanic circulation. The Southern Rise 

underwent a marked subsidence to middle bathyal depth during the Paleo- 

cene and Early Eocene, where it has remained to the present day.

DSDP Site 208 on the Northern Lord Howe Rise is located several 

kilometers from the nearest ΚΑΝΑ ΚΠ0ΚΙ profile (Pig. 2B) and only appro­

ximate correlation between DSDP stratigraphy and acoustic reflectors 

could be established. The transparent sediments between the seafloor 

and the acoustic basement are correlated with nannofossil ooze and 

chalk of Early Miocene to Late Pleistocene age. Nannofossil ooze of 

Holocene age was obtained by piston core from the ΚΑΝΑ KEOKI near DSDP 

Site 208. This indicates that the drilling at DSDP Site 208 again did 

not sample the top few meters of sediment on the seafloor. Increases 

in compaction of the nannofossil ooze have produced three acoustic

12



reflectors within these sediments, the deepest marking the approximate 

depth where lithified sediments are first encountered in the strati- 

graphic section.

The surface of the acoustic basement at DSDP Site 208 is correlated 

with nannofossil chalk of e3rly Late Oligocene age. As on the Southern 

Lord llowe Rise, the depth to the acoustic basement at DSDP Site 208 on 

the KANA KEOKI profiles is less than that observed by Andrews and others 

(1972) on GLOMAR CHALLENGER profiles (410 m as compared with 488 m). 

However, both reflective horizons mark nannofossil chalk of early Late 

Oligocene age. The broad opaque band forming the acoustic basement 

(shaded) is resolved into several strong subbasement reflectors. These 

reflectors are correlated with consolidated pelagic sediments, i.e. 

siliceous-bearing nannofossil chalk, nannofossi1-bearing radiolarite, 

diatom:te and calcic chalk, of Macstrichtian to early Late Oligocene 

age. They appear to be products of further increases in lithification 

within the sedimentary section. The deepest subbasement reflectors 

were not cored at DSDP Site 208; however, they appear to be older than 

Late Maestrichtian.

Within the acoustic basement, reflector U (heavy line) marks the 

Middle Eocene disconformity identified at DSDP Site 208. The hiatus 

represented by this disconformity apparently ranges from middle Middle 

Eocene to early Late Oligocene time. Another sedimentary break occurs 

from the early Middle Paleocenc to middle Middle Eocene; however, it 

was not acoustically identified.

In contrast with the Southern Lord Howe Rise, the palcobathymetry 

of the Northern Lord Howe Rise suggests normal oceanic conditions at



constant middle bathyal depths (Burns and others, 1973). They indicate 

that a small amount of subsidence, from upper bathyal to middle bathyal 

depths, may have occurred from Paleocene to Early Eocene time.

Burns and others (1972, 1973) and Kennett and others (1972) corre­

late the Middle Eocene disconformity at DSDP Sites 207 and 208 on the 

basis of similar lithologies above and below the surface of disconfor­

mity and the age of the stratigraphic break. Both surfaces are acous­

tically identified by reflector U on the KANA KEOKI profiles.

The correlations made at DSDP Site 207 are tied into profile 1 

(extreme right side) and profile 2 (extreme left side); those made at 

DSDP Site 208, into profile 8 (extreme left side) and profile 9 (extreme 

right side). Regional extrapolation across the Lord Howe Rise was made 

by using contrasts in print density, surface geometry and lateral con­

tinuity of acoustic reflectors. Since an acoustic reflector is a sur­

face, or zone, caused by a change in sonic impedance (the product of 

sonic velocity and bull; density) between two media, it is generally, 

but not necessarily, associated with different lithologies. Correla­

tions at DSDP Sites 207 and 208 demonstrate instances where reflectors 

are caused by an increase in lithification with uniform lithology, as 

well as by changes in lithology.

Regional extrapolation may fall to distinguish lateral changes in 

lithology, especially where no corresponding changes in sonic velocity 

are involved. Extrapolation may be further confused by faults, intru­

sions or other structures if they disturb, or eliminate, reflector

continuity over large areas. As a result of these factors, regional 

extrapolation is increasingly less reliable at greater distances away

14
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from the drill sites.

In addition, changes in print density and loss of reflector con­

tinuity may occur during malfunction of the air cannon, sparkarray or 

hydrophone array especially heavy seas.

Seismic Reflection Profiles

The discussion of the seismic profiles is divided into two sec­

tions: (1) the Southern Lord Howe Rise (Plate 1; Figs. 3, 4) and (2) the 

Northern Lord Howe Rise (Plates 2, 3, 4; Figs. 5, 6, 7) and the Dampier 

Ridge (Plates 4, 5; Figs. 7, 8). The vertical scale of the seismic 

profiles and interpretive line drawings is two-way travel time (seconds). 

The ship speed, averaging 11 knots for the KANA KEOKI and 10 knots for 

the GLOMAR CHALLENGER, and different chart speeds produced approximate 

vertical exaggerations of 10 and 18 respectively, if a sediment velocity 

of 2.0 km/s is assumed.

Southern Lord Howe Rise. Profiles 1, 2, and 3 (Plate 1; Fig. 3), 

placed end to end, are a composite cross-section of the Southern Lord 

Howe Rise from the Challenger Plateau (profile 1, extreme right side) 

to the New Caledonia Basin (profile 3, extreme left side). Profile 4 

(Fig. 4), obtained from the GLOMAR CHALLENGER, illustrates a cross- 

section of the Southern Lord Howe Rise from the New Caledonia Basin 

(extreme right side) to the Challenger Plateau (extreme left side) 

which parallels the northwest to southeast bathymetric trend of the 

Southern Rise. Surface relief of the Southern Rise is smootli and mono­

tonous and shoals to approximately 950 m at the crest. Average depths 

of the Challenger Plateau are similar to those of the crest of the Rise; 

while those of the New Caledonia Basin are at least 2,000 m deeper than
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Plate 1. KANA KLOKI seismic profiles 1, 2 and 3 from the Southern Lord 

Howe Rise.
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Figure 3. Interpretive line drawings of KANA KEOKI seismic profiles 1,

2 and 3 (Plate 1) from the Southern Lord Howe Rise. Reflector U (heavy 

line) marks the Middle Eocene disconformity identified at DSDP Site 207. 

The acoustic basement is outlined by shading. Profile 3 is intersected 

by profile 4 (Figure 4) where noted.
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Figure 4. Interpretive line drawing of GLOMAR CHALLF.NGLR seismic pro­

file (not reproduced in text) from the Southern Lord llovv'e Rise. Reflec­

tor u' (heavy line) was approximated by the intersection of profile 3 

(fig. 3).
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the crest of the Rise.

The majority of the Southern Lord Howe Rise is covered by acous­

tically stratified, transparent sediments between 300 m and 500 m (0.50 

sec and 0.75 sec) thick which rest conformably over acoustic basement 

(shaded). The reflectors within the transparent sediments are flat or 

gently undulating and appear to be undisturbed. Their regional con­

tinuity and conformity enable extrapolation of DSDP Site 207 strati­

graphy (Fig. 2Λ) across the Southern Rise. This suggests that the trans­

parent sediments are nannofossil ooze of Early Eocene to Holocene age.

Within the transparent sediments on the Southern Rise reflector U 

(heavy line In profiles 1, 2 and 3) marks the Middle Eocene disconfor- 

mity at DSDP Site 207. It is a prominent horizon which is conformable 

with reflectors above and below it. The disconformity is regionally 

extrapolated across the Southern Rise except at the base of the Challen­

ger Plateau (profile 1, extreme right side) and on the crest (profiles 

2 and 3) and eastern slope (profile 3, left side) of the Rise. Compari­

son of sediment thickness bound by reflectors immediately above and 

below the disconformity may allow approximation of the spatial and tem­

poral extent of the disconformity. If the disconformity were a local 

phenomenon, sediments would thicken away from DSDP Site 207 if erosion 

was of lesser magnitude or did not take place at all. However, the 

uniform thickness of these sediments implies that the period of erosion 

and the thickness of the sediment cored at DSDP Site 207 are consistent 

for the entire Southern Rise, except at the crest.

Variations observed in the thickness of transparent sediments over 

the Southern Lord Howe Rise generally reflect non-deposition of pelagic



ooze at the crest of the Rise (profile 2, extreme left side; profile 3, 

extreme right side; profile 4, middle), and at other basement outcrops 

(profile 1, right side; profile 4, left side) and depositional upbuilding 

of pelagic ooze to either side of the crest and on the eastern slope of

the Rise (profile 3, left side; profile 4, right side).

At Bel Iona Gap (profile 1, right side) and on the northwest slope 

of the Rise (profile 4, left side), transparent sediments adjacent to 

outcrops of acoustic basement have depressed, V-shaped depressions which 

suggests erosion by bottom currents, with velocities accelerated around 

these outcrops. Deeper in the sedimentary section the undisturbed strata 

adjacent to these outcrops and the location of the Middle Eocene discon- 

formity imply that the acoustic basement is probably older than Eocene.

If these basement outcrops had intruded portions, or all of, the trans­

parent sediments, the adjacent reflectors would be displaced upward im­

plying a younger age for the basement. However, upwarped reflectors 

are not observed on the profiles.

BelIona Gap appears to be an extensive block faulted crevasse sep­

arating the Southern Lord Howe Rise from the Challenger Plateau. The 

flat-lying sediments which have filled the Gap (profile 4) suggest that 

this feature is an important deepsea channel carrying sediment from the 

Southern Rise and the Challenger Plateau into the New Caledonia Basin. 

Other small, V-shaped channels, observed on the slopes of Bellona Gap, 

may be smaller tributaries.

In the vicinity of DSDP Site 207 (profile 1, left side) sediments 

are thinned immediately beneath reflector U. This thinning may be the 

result of local erosion of sediments once conformable with the deeper,
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undulating reflectors. The sediments may have been transported into 

the trough southeast of DSDP Site 207 by bottom currents or slumping. 

Burns and others (1073) suggest slumping, probably initiated during the 

late Middle Miocene, transported Late Eocene sediment into the area of 

DSDP Site 207. If slumping, of local or regional magnitude, did produce 

the intercalated sediments at DSDP Site 207, it also might have eroded 

the sediments above the trough. Earlier episodes of slumping appear to 

have been responsible for infilling the trougli southeast of DSDP Site 

207. However, none of the normal characteristics of slumped sediments, 

i.e. rough surface relief or jumbled internal reflections, are associa­

ted with reflector U. This does not preclude slumping as a possible 

mechanism for development of the disconformity as disturbed sediments 

having uniform lithology with little change in physical properties will 

probably not be acoustically resolved.

Approaching the crest of the Southern Lord Howe Rise from all 

directions (profiles 2, 3; profile 4, middle), the transparent sediments 

appear to decrease in thickness, and in one instance, expose the acous­

tic basement. In both cross-sections the transparent sediments are 

unconformable with acoustic basement over distances of 60 km to 100 km. 

The thinning of the transparent sediment and outcropping of the acoustic 

basement suggest the crest of the Southern Rise has been an area of 

persistent non-deposition. Away from the outcrop the gradual burial 

of the acoustic basement may have been caused by increasing sedimenta­

tion rates, decreasing bottom current velocities, or both. These 

changes might be expected to have accompanied the subsidence of the 

Southern Rise (Burns and others, 1973) from shallow shelf to middle 

bathyal depths.

24



North of the crest of the Southern Rise (profile 5, extreme right 

side) transparent sediments butt against the acoustic basement and in­

crease in thickness toward the north. Two subbottom reflectors appear 

to crop out forming an angular unconformity for 20 km to 30 km, exposing 

sediment of Late Miocene age, or older. This unconformity may have 

been formed by bottom currents which were either strong enough to erode 

the transparent sediment or prevent its deposition.

On the eastern slope of the Southern Lord Howe Rise (profile 3, 

middle and left side) sedimentary structures suggest downslope trans­

port by slumping, bottom currents or both. The V-shaped depressions on 

the seafloor could be tensional gashes marking the head of slumped sedi­

ments, or, alternatively, deep sea channels incised into the slope.

The apparent outcrop of subbottom reflectors immediately downslope may 

indicate surface unconformity caused by slumping. Further downslope, 

the irregularity of the seafloor, the confused subbottom reflections 

and the thinning of sediments are features characteristic of folding 

and overthrusting in the toe of a slump. The thickening of sediments 

bound by subbottom reflectors may indicate ancient slumped sediment 

which has been trapped on the slope.

Acoustic basement of the Southern Lord Howe Rise is a broad opaque 

band (shaded) ranging from 0.25 sec to 0.50 sec in thickness. The sur­

face of the acoustic basement, nannofossil chalk of Early Eocene age, 

lias very little relief under the Southern Rise and appears conformable 

with the transparent sediments above it, in most instances. A notable 

exception occurs near the crest of the Southern Rise where acoustic 

basement is unconformable with the overlying sediments. This
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unconformity is suggested to be related to non-deposition at the crest 

of the Rise.

Acoustic basement (excluding profile 4) may be resolved into flat, 

or undulating, subbasement reflections which are often truncated. This 

suggests the acoustic basement is stratified. Although the deepest 

subbasement reflections are extremely faint, their relief is often 0.20 

sec, or greater, and resembles hyperbolic side echos. The extreme dis­

continuity and irregularity of the subbasement reflections makes any 

regional extrapolation of DSDP Site 207 basement stratigraphy very 

tenuous over the Southern Rise. However, subbasement reflections under 

the Southern Rise closely resemble the basement structures observed at 

DSDP Site 207, which are correlated with Late Cretaceous rhyolitc flows, 

breccias and lapilli tuffs. On the basis of this resemblance, basement 

stratigraphy at DSDP Site 207 has been extended over the Southern Rise.

The variable thickness of the acoustic basement is apparently 

associated with changes in thickness of the strata between the surface 

of the basement and the deepest subbasement reflections. This may be 

caused by changes in the intensity and duration of acidic volcanism, 

changes in sedimentation rates, differential erosion of volcanic flows, 

debris and sediments or combinations of the above. These processes are 

likely to have formed a surface, the present acoustic basement, which 

is variable both in age and composition and unconformable with the 

transparent sediments. The suggestion of Houtz and others (1967) that 

an unconformity marks the acoustic basement under the Southern Rise may 

be realistic in view of the above.

North of the DSDP Site 207 (profile 2, right side) a thin venier
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of transparent sediment has buried the deeper, hyperbolic subbasement 

reflections. The irregular relief of these subbasement features is 

more pronounced in this area of the Southern Rise because the flat 

subbasement strata are generally absent. It appears that these subbase­

ment reflections are volcanic cones of rhyolitic composition, and the 

tilted strata in the low areas between them, rhyolitic lava flows and 

hyaloclastic debris. Further north at the crest of the Southern Rise 

(profiles 2, 3), the acoustic basement becomes extremely smooth, having 

slopes of several degrees indicated by hyperbolic reflections. This 

area may have been formed by rhyolitic lava flows which issued from 

widely spaced vents and fissures. Overlapping lava flows may have re­

moved the irregularity of the acoustic basement and produced an exten­

sive volcanic plain (MacDonald, 1972).

The numerous volcanic pinnacles observed on the slopes of the 

Southern Rise (profile 4) are further evidence of a volcanic basement. 

Alternatively, basement may possibly' represent complexly folded or 

faulted sedimentary strata which are not resolved by the seismic pro­

filing system.

Between DSDP Site 207 and the Bellona Gap (profile 1, middle) 

acoustic basement resembles block faulted terrain having relief ranging 

from 500 m to 1,500 in, assuming a sediment velocity of 2.5 km/s. No 

other area surveyed on the Southern Rise has comparable basement, struc­

ture. Southeast of DSDP Site 207 (profile 1, left side) a well-strati­

fied sequence of sediments lias infilled a trough which is approximately 

20 km in cross-sectional width. In the deepest section of the trough 

sediments are draped off the sides; and in the upper sections sediments
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have formed irregular mounds and wedges. These features possibly imply 

that infilling of the trough was initially by volcanic flows and ejecta 

and later by slumping of volcanogenic sediments from adjacent bathyme­

tric highs. The complexity of the acoustic basement between this trough 

and the Bellona Gap is poorly outlined; however, faulting appears to 

have caused the observed relief.

Northern Lord Howe Rise and the Dampier Ridge. Profiles 5 through 

8 (Plates 2, 5; Figs. 5, 6), placed end to end, are a composite cross- 

section from the New Caledonia Basin (profile 5, extreme right side) to 

DSDP Site 208 on the Northern Lord Howe Rise (profile 8, extreme left 

side). This section is oblique to the north-to-south bathymetric 

trend of the Northern Rise. Surface topography of the Northern Rise 

resembles the flat, monotonous topography of the Southern Rise (Figs.

3, 4); however, the crest is slightly deeper, averaging 1,300 m.

The Northern Lord Howe Rise is covered by 400 m to 500 m (0.50 sec 

to 0.58 sec) of acoustically transparent sediments conforming to the 

smooth surface of the acoustic basement, except in areas where basement 

crops out or interrupts their continuity (profiles 6 a, b, c, d; pro­

file 7, middle; profile 8, middle). Extrapolation of DSDP Site 208 

stratigraphy across the Northern Rise indicates that the transparent 

sediments are. nannofossil ooze and chalk of early Early Miocene to 

Holocenc age. Coherent reflectors are lost on the eastern slope of the 

Northern Rise (profile 5, right side), inhibiting extrapolation through 

this area.

A comparison of the transparent sediments on the Northern Lord 

Howe Rise (Fig. 5) with those on the Southern Lord Howe Rise (Fig. 3)
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Plate 2. KANA KLOKI seismic profiles 5, 7 and 8 from the Northern Lord 

Howe Rise.
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Figure 5. Interpretive line drawings of KANA KF.OKI seismic profiles 5, 

7 and 8 (Plate 2) from the Northern Lord Howe Rise. Reflector U (heavy 

line) marks the Middle Eocene disconformity identified at DSDP Site 208 

Acoustic basement is outlined by shading. Profile 8 is intersected by 

profile 9 (Fig. 7) where noted.
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Plate 3. KANA KE0K1 seismic profiles 6 a, b, c and d from trough in

the Northern Lord Howe Rise.
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Figure 6. Interpretive line drawings of KANA RFOKI seismic profiles 

6 a, b, c and d (Plate 3) from a trough incised into the crest of the 

Northern Lord Howe Rise (see profile 7 for location of this feature).
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suggests that their acoustic similarity is misleading, in some aspects. 

Although the transparent sediments in both regions consist of unconso­

lidated to semi-consolidated pelagic oozes, their ages vary from early 

Early Miocene to Holocene in the Northern Rise and from Early Eocene 

to Holocene in the Southern Rise. This implies that the surface of the 

acoustic basement under the Northern Rise is younger than that under 

the Southern Rise and that this surface is not isochronous between the 

two areas. It is apparent that extrapolation between DSDP Sites 207 

and 208 cannot be made by reflection profiling alone.

On the crest of the Rise, a trough trending northwest to southeast 

(profile 6) appears to be an area of active erosion and transport of 

sediment. In some locations (profiles 6b, c) sedimentary structures 

abut acoustic basement; while in other locations (profiles 6a, d); 

they continue over the acoustic basement with reduced thickness. Where 

sediments are thinned above acoustic basement, their irregular, step­

like relief suggests modification by slumping and bottom currents. On 

the northeastern slope of the trough (profile 6 c), sediments of Mio­

cene age or older, are exposed. Menard (1969) suggests the acoustic 

basement, under the crest of the Rise (about 28°S latitude) is middle 

to late Miocene chalk. If he sampled a similar outcropping, his con­

clusion is correct.

The surface and subsurface reflectors along the eastern slope of 

the Northern Rise (profile 5, middle and left side) suggest extensive 

sediment reworking by slumping and bottom currents. As this profile 

is oblique to the bathymetric contours, it offers an "expanded" view 

of the sedimentary structures present on the slopes of the Southern
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Lord Howe Rise (Rigs. 3, 4) and the Dampier Ridge (Figs. 7, 8). On the 

upper slope (profile 5, left side) the step-like relief resembles nor­

mal faults produced by tension at the head of a series of slumps. A 

flat plateau (profile 5, right side) with well-rounded ridges and V- 

shaped valleys of small amplitude and wavelength is seen on the lower 

slope. In this area subsurface reflections are weak and discontinuous 

and often distorted, which possibly suggests deformed sediments at the 

toe of numerous slumps. Alternatively, the irregular ridges and valleys 

on the lower slope may be indicative of intense bottom current, or tur­

bidity current, erosion. The latter could be initiated anywhere along 

the slope by slumping.

A detailed survey of the lower slope might better define the pro­

cess (es) which have produced the observed ridges and valleys. If the

strike of these features is perpendicular to the bathymetric contours, 

downs lope movement by slumping and turbidity flow would be likely trans­

port agents; if their strike is parallel to the contours, bottom cur­

rents would be favored (Ileezen and others, 1966).

The acoustic basement of the Northern Lord Howe Rise is a broad 

opaque band (shaded) between 0.25 sec and 0.75 sec thick which resem­

bles the basement of the Southern Lord Howe Rise (Fig. 3). However, 

extrapolation of DSDP Site 208 basement stratigraphy across the North­

ern Rise indicates the surface of the acoustic basement is composed of 

Late Oligocene chalk. Within the acoustic basement subbasement reflec­

tors having gentle dips of less than 3° are regionally extrapolated.

One of these, reflector U (heavy line in profiles 5 through 8), marks

the surface of the Middle Kocene disconformity identified at DSDP Site
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208. The surface of disconformity and the sediments adjacent to it are 

undisturbed. These sediments abut drape off, or cap other irregular 

subbasement reflections where they are slightly upwarped. When the 

true dips of these reflectors are computed (1° to 3°), the sediments 

appear to have had their initial dips increased by differential compac­

tion, rather than by tectonic processes, such as intrusion by the deeper 

subbasement structures.

Southeast of the trough (profile 7, left side; profile 6 a, right 

side), the surface of disconformity appears to truncate several deeper 

reflectors over a distance of 50 km. This would imply that the discon­

formity changes laterally into an angular unconformity in this region.

On the crest of the Northern Rise (profile 8, middle and left side) 

sediments appear to pinch out between the disconformity and the surface 

of the acoustic basement. This might also imply erosional truncation, 

but at a later time than the Eocene disconformity. Alternatively, 

sedimentation rates may have been locally increased in bathymetric lows 

by deposition of sediments removed from basement highs.

The deepest subbasement reflections are discontinuous and resemble 

structures having slopes of 5° to 15° with no internal stratification. 

These structures have relief ranging from 500 in to 1,250 m, assuming a 

sediment velocity of 2.5 km/s. The undisturbed sediments within the 

acoustic basement suggest the partial, or complete, burial of the 

deeper basement structures. The correlation of these strata with Late 

Cretaceous to Late Oligocene age sediments at DSDP Site 20S implies 

that the age of the deeper basement structures is older than Late Cre­

taceous. The morphology of the deep basement structures resembles that

39



of volcanic cones separated by basins infilled with lavas and volcanic 

ejecta which conform to deeper, more irregular, surfaces. Similar vol­

canic peaks crop out at the trough incised into the crest of the North­

ern Rise (profile 6 b).

Profiles 9, 10 and 11 (Plate 4; Fig. 7), placed end to end, are a 

composite cross-section from DSDP Site 208 on the Northern Rise (profile 

9, extreme right side) to the Tasman Basin (profile 11, extreme left 

side) which crosses the northern trend of the Lord Howe Island seamount 

chain and the Dampier Ridge. Profiles 12, 13 and 14 (Plate 5, Fig. 8) 

illustrate three additional seismic crossings of the Dampier Ridge, all 

of which are oblique to the north-to-south trend of the Dampier Ridge.

The flat, monotonous topography characterizing the surface of the 

Northern Rise (Fig. 5) becomes more irregular west of DSDP Site 208 in 

the vicinity of the Lord Howe Island seamount trend and gradually deep­

ens to approximately 2,500 m at the Dampier Ridge. Average depths of 

the Dampier Ridge west of DSDP Site 208 (profiles 11, 12) are compara­

ble to the New Caledonia Basin; those further north (profiles 13, 14), 

are similar to the crest of the Northern Rise. The surface of the 

Dampier Ridge in profiles 13 and 14 is a flat plateau between 30 km and 

50 km in width and 400 m to 1000 m above the adjacent soafloor.

Comparison of seismic profiles west of DSDP Site 208 (Fig. 7) with 

those southeast of the site (Fig. 5) suggests that the transparent sedi­

ments and the acoustic basement are identical in almost all aspects.

The transparent sediments are characterized by uniform thickness (400 m, 

or more), gentle, undisturbed relief and conformity. This suggests
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Plate 4. KANA KLOKI seismic profiles 9, 10 and 11 from the Northern 

Lord Howe Rise and the Dampier Ridge.
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Figure 7. Interpretive line drawings of KAMA KEOKI seismic profiles 9, 

10 and 11 (Plate 4) from the Northern Lord Howe Rise and the Dampier 

Ridge. Reflector U (heavy line) marks the Middle Eocene disconformity 

identified at DSDP Site 208. The acoustic basement is shaded. "Seamount 

trend" refers to the approximate region where the seismic profiles cross 

the Lord Howe Island seamount chain.
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Plate 5. KANA KEOKI seismic profiles 12 and 13 from the Dampier Ridge.
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Figure 8. Interpretive line drawings of KAMA KEOKI seismic profiles 12 

and 13 (Plate 5) and GLOMAR CHALLENGER seismic profile (not illustrated 

in text) from the Dampier Ridge. Reflector U, the Middle Eocene dis- 

conformity, could not be extrapolated through these profiles because of 

poor acoustic penetration into the basement. The acoustic basement is 

shaded.
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that sedimentation rates from the Early Miocene to the Holocene were 

similar over the Northern Lord Howe Rise ( p r o f i l e s  5 through 10) and 

the Dampier Ridge (profiles 11 through 14). Where these pelagic sedi­

ments are thinned and drape off irregular subbasement features (profile 

10, middle and right side; profile 11, middle), they have been locally 

modified by erosion, differential compaction, or both. These processes 

have resulted in the smoothing of the topography of the Northern Rise 

and Dampier Ridge. The features adjacent to the Dampier Ridge are 

good examples of sediment drapes.

Along the western flank of the Dampier Ridge (profile 11, left 

side), massive slumping has eroded sediment on the upper slope and 

transported it further downs lope and into the Tasman Basin. The irre­

gular, step-like scarps on the upper slope, the apparent outcropping of 

subsurface reflectors, the thinning of sediments further downs!ope, and 

the irregular mound at the base of the slope are sedimentary features 

commonly associated with slump deposits. Turbidity currents, most 

likely initiated by slumping, would aid in the transport of sediments 

further out onto the floor of the Tasman Basin. Buried slump deposits 

may have produced the irregular relief of the subsurface reflectors 

adjacent to the slope.

Further north (profile 12) basement peaks on the slope of the 

Dampier Ridge appear to have trapped sediments which were being trans­

ported downslope into the Tasman Basin. The flat-lying sediments in 

the Tasman Basin show no sign of slump deposition and are characteris­

tic of abyssal plain sediments; the irregular stratification observed 

further to the south is not.
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The acoustic basement (shaded) between DSDP Site 208 and the Dam­

pier Ridge (profiles 9, 10 and 11) is often one second thick and lias 

subbasement reflectors which are better resolved than those southeast 

of DSDP Site 208 (profiles 5 through 8). The surface of the acoustic 

basement and the upper sections of the stratified subbasement are cor­

related with consolidated sediment of early Late Oligocene age and of 

Late Maestrichtian to early Late Oligocene age, respectively. These 

ages are derived from the stratigraphy at DSDP Site 208 (profile 9, 

right side).

Dampicr Ridge marks the western limit of DSDP Site 208 extrapola­

tion even though the Tasman Basin has acoustic reflectors which appear 

to be continuous with those of the Dampier Ridge (profile 11, left side). 

No deep drilled stratigraphy is available from the Tasman Basin to 

enable extrapolation between the two regions. Furthermore, the pelagic 

sediments transported off the Dampier Ridge and the Lord Howe Rise and 

into the Tasman Basin have probably been intermixed with normal pelagic 

deposits and turbidite sediments, the latter originating from the east­

ern continental margin of Australia. This intermixing would likely 

create acoustic reflectors unrelated to the stratigraphy observed on 

the Dampier Ridge.

The gentle relief and coherency of the subbasement reflectors im­

plies that undisturbed sediments have buried the irregular subbasement 

structures. Differential compaction and erosion by bottom currents and 

slumping have thinned sediment over areas of high relief within the 

basement and thickened sediment in the adjacent lows. The overall re­

sult lias been to smooth the topography of these deepest structures.
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The subbasement reflectors are best illustrated at Dampier Ridge (pro­

files 11, 12) where they are draped off of the western flank of the 

basement and abut the eastern flank. Subbasement reflectors are poorly 

resolved on the northern most crossings of the Dampier Ridge (profiles 

12, 13, 14).

Reflector U (heavy line in profile 9, 10, 11), the Middle Eocene 

disconformity identified at DSDP Site 208, is extrapolated regionally 

across the Northern Lord Howe Rise and the Dampier Ridge. Extrapola­

tions could not be made in profiles 12, 13, 14 of the Dampier Ridge 

because of poor subbasement resolution. The surface of disconformity 

is parallel to stratification below it; however, relationships imme­

diately west of DSDP Site 208 (profile 9, middle and right side) are 

confused by the irregularity and vertical offset of reflector U, possi­

bly fault induced. The continuity of reflectors above and below' the 

disconformity allows extrapolation around local interruptions of re­

flector U by deeper basement structure.

The deepest subbasement reflectors, not cored at DSDP Site 208, 

appear to be buried by undisturbed (Late Cretaceous) sediments. This 

suggests that these subbasement features are Late Cretaceous in age, 

or older. However, faulting may be responsible for offsets in the 

acoustic basement and in the transparent sediments observed on the 

northernmost crossings of Dampier Ridge (profiles 13, 14).
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DISCUSSION

Sedimentary Development of the Lord Howe Rise

Evidence from the seismic profiles and the stratigraphy from DSDP 

Sites 207 and 208 suggests that the Lord Howe Rise and the Dampier Ridge 

have been tectonically stable from at least Early Tertiary to Quaternary 

time. Prior to this period, the acoustic basement appears to have been 

faulted, primarily over the Southern Lord Howe Rise. More recently, 

basement has been intruded by volcanic features. The topography of 

Lord Howe Rise was subsequently smoothed by a thick sequence of Tertiary 

to Quaternarj pelagic sediments. In some areas, these sediments were 

modified by erosion from bottom currents and slumping and by differen­

tial compaction. A possible developmental sequence is summarized in 

Figure 9, and the following is a discussion of steps in that development.

Late Cretaceous. Late Cretaceous plate motions (Hayes and Ringis, 

1973; Weissel and Hayes, 1973) suggest that the Lord Howe Rise and the 

Dampier Ridge were geographically close to, or united with, the eastern 

continental margin of Australia and the northwestern continental margin 

of New Zealand. Continental affinity of the Lord Howe Rise is suggested 

by its crustal structure (Solomon and Biehler, 1969; Woodward and Hunt, 

1970; Shor and others, 1971), its complex acoustic basement (Menard, 

1969), the acidic volcanics of DSDP Site 207, and paleobathymetry of 

DSDP Sites 207 and 208 (Burns and others, 1973).

In the seismic profiles collected from the Lord Howe Rise and the 

Dampier Ridge the surface outcrops, near-surface protrusions and deep 

structures of the acoustic basement resemble volcanic cones and lava 

flows rather than a system of complexly folded and faulted sedimentary
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Figure 9. A possible sequence of Late Cretaceous to Quaternary sedi­

mentary development for the Southern Lord Howe Rise (I) and the Northern 

Lord llowe Rise and Dampier Ridge (II). Symbols on the drawings denote: 

Late Cretaceous (K), Palcocene and Eocene (E-P) , Oligocer.e (0), Miocene 

to Holocene (M). The Middle Tertiary disconformity is indicated by a 

heavy line.
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or metamorphic rocks. The Late Cretaceous basement under the Southern 

Lord Howe Rise appears to be composed of rhyolitic lavas, tuffs and 

hyaloclastic debris. The morphology at the crest of the Southern Rise 

typifies that of a volcanic plain. The southeastern portion of the

Southern Rise may also have been part of this volcanic plain; however,

it has been extensively block faulted. In contrast, the Late Cretaceous 

basement under the Northern Rise and the Dampier Ridge is predominantly 

acidic (?) volcanic cones separated by basins infilled with acidic (?) 

lava flows and hyaloclastic debris. This variation in the basement 

physiography observed on the Lord Howe Rise could be produced by re­

gional, and local, differences in the rate or amount of volcanism, the 

erosion of these features, or both.

The Late Cretaceous plate motions (Hayes and Ringis, 1973) and the 

continental affinity of the Lord Howe Rise, mentioned above, suggest

the Lord Howe Rise may have been part of an extensive continental mar­

gin off eastern Australia. If the Lord Howe Rise is a continental frag­

ment, the seismic profiler data suggest that its shallow crustal struc­

ture is volcanic in composition. A modern analogy for the Late Creta­

ceous relationship between the Lord Howe Rise and the Australian conti­

nent may exist in the East China Sea between the Asian continental 

shelf and the Ryukyu trench. The East China Sea is discussed by 

Murauchi and others (1968), Wageman and others (1970) and Ludwig and 

others (1973). Problems with this comparison are the lack of island 

arc morphology and compressional features, which are normally associa­

ted with a subduction zone, on the eastern flank of the Lord Howe Rise. 

Further studies of the eastern flank of the Lord Howe Rise, the New
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Caledonia Basin and the Norfolk Ridge are needed to solve these prob­

lems.

Early Tertiary. During the Late Cretaceous to Early Tertiary, the 

central Tasman Basin was formed by the migration of the Lord Howe Rise 

away from the Australian continent (Hayes and Ringis, 1973). The early 

Tertiary formation of the Tasman Basin is further supported by pelagic 

sediments of Late Maestrichtian or Paleocene age overlying altered 

oceanic basalt in the Tasman Basin (Kennett and others, 1973). Follow­

ing this period, the Lord Howe Rise became part of the Australian plate. 

This transition was related to the Early Eocene separation of Australia 

from Antarctica (Weissel and Hayes, 1972).

Pre-Eocene tectonic activity on the Southern Lord Howe Rise is 

suggested by the faulted acoustic basement, subsidence recorded at DSDP 

Site 207, and the presence of volcanic pinnacles. Burns and others (1973) 

suggest from the stratigraphy at DSDP Site 207 that tectonic activity 

between Late Cretaceous and Late Eocene time produced a major subsidence 

of the Southern Rise. The sedimentary development observed on the seis­

mic profiles indicates that this tectonic activity may have produced 

differential subsidence of the Southern Rise, which was completed by 

the Early Eocene, if not earlier. The differential subsidence resulted 

in the faulting of the acoustic basement between DSDP Site 207 and the 

Bellona Gap. Faulting is absent on the crest of the Southern Rise.

The continuity of Early Eocene sediments over the acoustic basement sug­

gests an earlier age of fault development, possibly Late Cretaceous to 

Paleocene. Fault structures on the slopes of the Southern Rise, though 

poorly established, also appear to have originated prior to the Eocene.
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The intrusion of the volcanic pinnacles observed on the crest and 

slope of the Southern Lord Howe Rise appears to coincide with the pre- 

Eocene tectonic activity mentioned above. Reflectors, correlated with 

Eocene, or older, sediments at DSDP Site 207, are commonly flat-lying 

or depressed adjacent to these volcanic pinnacles. This suggests that 

deposition, possibly accompanied by erosion in some instances, has 

buried the volcanic pinnacles since the Eocene. If the volcanic pinna­

cles had intruded Eocene, or younger, sediments, the reflectors would 

be upwarped.

No evidence of tectonic activity affecting the sedimentary section 

was identified on the seismic profiles from the Northern Lord Howe Rise 

or the Dampicr Ridge. This confirms Burns and others (1973) suggestion 

that constant middle bathyal conditions have prevailed since Late 

Maestrichtian or Paleocene times on this part of the Rise. The volcanic 

pinnacles observed on the Northern Rise have not deformed overlying Late 

Cretaceous sediments which suggests that they may be associated with a 

period of tcctonism earlier than Late Cretaceous.

With the cessation of tectonic activity, the acoustic basement was 

stablized, seamounts became inactive and pelagic oozes began to cover 

the basement structures. The Southern Rise appears to have been tecto- 

nically stable since Early Eocene time; the Northern Rise and the 

Dampier Ridge, since Late Maestrichtian or Paleocene time. The pelagic 

sediments deposited since these times are commonly flat or undulating; 

local thinning occurs where sediments abut against or drape off deeper 

basement structures. This implies that undisturbed pelagic deposition, 

accompanied by erosion and redcposition by bottom currents and slumping,
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has been the dominant factor in smoothing the basement topography. 

Changes in compaction rates have further modified basement topography. 

If tectonism had occurred, modification of the pelagic sediments by 

folding, faulting or intrusion would be most obvious adjacent to the 

deep basement structures.

Middle Tertiary. During the Middle Tertiary a surface or discon- 

formity was developed over the entire Lord Howe Rise and the Dampier 

Ridge. The surface of disconformity cannot be traced geophysically 

between the Southern Rise and the Northern Rise because of the large 

data gap (1,000 km) separating the seismic profiles from the two areas. 

In addition the disconformity over the Southern Rise is traced through 

unconsolidated, acoustically transparent sediments above acoustic base­

ment; and the disconformity over the Northern Rise and the Dampier 

Ridge, through consolidated sediments within the opaque sediments of 

the acoustic basement. These relationships imply that the surface of 

disconformity probably merges with the surface of the acoustic basement 

between the Southern Rise and the Northern Rise.

The geophysical extrapolation of the disconformity favors the re­

gional correlation proposed by Burns and others (1973) from the strati­

graphy of DSDP Sites 207 and 208. A regional disconformity may be pro­

duced by erosion from bottom currents or tectonically induced slumping, 

by non-deposition of sediments, or by combinations of these. As the 

Lord Howe Rise is a bathymetric high which has been tectonically stable 

since at least the Early Eocene, prior to the formation of the discon­

formity, slumping is unlikely. However, surfaces of unconformity on 

the slopes are likely to have been produced by slumping.
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Bottom currents may have been strong enough to erode or to prevent 

the deposition of pelagic sediments on the Lord Ilowe Rise. Present day 

erosion on the Lord Howe Rise is occurring only in localized areas 

where bottom currents are accelerated around basement outcrops. Laird 

and Ryan (1969) measured bottom current velocities averaging 3 cm/s 

over the crest of the Southern Rise. Currents of this strength could 

not regionally erode unconsolidated pelagic oozes which require velo­

cities of 15 cm/s, or greater, to remove them (Hjulstrom, 1937; Johnson, 

1972).

No sign of erosion, such as frequent truncation of pre-Eocene 

sediments, is observed on the seismic profiles. In addition, Burns 

and others (1973) found no indications of erosion associated with the 

surface of disconformity at DSDP Sites 207 and 208, such as lag deposits 

or coarse residual sands. This might imply that non-deposition, rather 

than erosion, has produced the disconformity. Sediments swept off the 

Lord Howe Rise and the Dampier Ridge would be transported to their 

slopes where slumping and bottom currents would periodically redistri­

bute them into the New Caledonia Basin and the Tasman Basin.

Watkins and Kennett (1971) suggest that current velocities slightly 

greater than 10 cm/s are required to prevent pelagic oozes from being 

deposited on the seafloor. If this is so, bottom currents several times 

stronger than those measured by Laird and Ryan (1969) are needed to pre­

vent pelagic deposition, whereas bottom currents of an equal magnitude 

may not be able to erode previously deposited sediments. In the south 

Tasman Basin, Watkins and Kennett (1971) have identified an unconfor­

mity in the near-surface sediments on the seafloor. The mechanism
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forming this disconformity was suggested to be bottom currents associa­

ted with an Antarctic circumpolar current which had its velocity signi­

ficantly increased during the late Tertiary global cooling and subse­

quent glaciation of Antarctica. Moreover, they imply that the lower 

and middle Tertiary may have other surfaces of erosion produced by 

strong bottom currents which were funneled between Australia and Antarc­

tica during their separation (Weissel and Hayes, 1972). These bottom 

currents may have further increased by the glaciation of the Antarctic 

continent during parts of the early and middle Tertiary (Margolis and 

Kennett, 1970).

An early to middle Tertiary "circumpolar" current, hypothesized by

Kennett and others (1972), is an attractive agent for the non-deposition

of sediment on the Lord Howe Rise and the Dampier Ridge. Kennett and

others (1972) suggest that the disconformity observed at DSDP Sites 207

and 208 was produced by the intensification of bottom water flow through

the Tasman Sea during the middle Tertiary glaciation of Antarctica.

Bottom currents continued to prevent pelagic deposition over the Lord

Howe Rise and the Dampier Ridge until Australia migrated far enough

from Antarctica to allow the present day circulation patterns to form.

The non-deposition of sediments appears to have been of longer duration

on the Southern Rise, as Oligocene and Early Miocene age sediments are

missing from the stratigraphic record at DSDP Site 207. In contrast,

only the Early and Middle Oligocene age sediments are missing on the

Northern Rise at DSDP Site 20S. This may be the result of the change

in circulation of the circumpolar current, i.e., movement from middle

to high southern latitudes, which would allow deposition on the North­

ern Rise before that on the Southern Rise.
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Late Tertiary to Quaternary. During Late Tertiary to Quaternary 

time the regional disconformity was buried by renewed deposition of 

pelagic oozes over the Lord Howe Rise and the Dampier Ridge. The com­

position of these sediments is similar to that below the disconformity. 

This sedimentary deposition was accompanied by bottom current action, 

mass movement and differential compaction. These processes have been 

the major factors responsible for the monotonous topography of the 

present Lord Howe Rise.

Khere bottom currents were accelerated around basement outcrops, 

sediments on the flanks, or tops, of these outcrops have been partially, 

or completely removed. In some instances, V-shaped scour moats have 

been produced adjacent to these outcrops. Bottom currents moving across 

the crest of the Lord Howe Rise and down the slope have also formed 

deep-sea channels with V-shaped cross-sections. These channels have 

aided in transportation of sediments off of the Lord Howe Rise and into 

the adjacent basins.

Seismic profiles crossing the slopes of the Lord Howe Rise and the 

Dampier Ridge show sedimentary structures which are produced by slump­

ing and turbidity currents. Ancient slump deposits appear to be pre­

served on the eastern slopes of the Lord Howe Rise and in the Tasman 

Basin adjacent to the Dampier Ridge.
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CONCLUSIONS

1. During the Late Cretaceous, the Lord Howe Rise was part of an 

extensive continental margin adjacent to Eastern Australia which began 

to migrate away from Australia during the formation of the Tasman Sea 

(Hayes and Ringis, 1973).

2. The Late Cretaceous basement under the Lord Howe Rise and the 

Dampier Ridge resembles volcanic terrain composed of thick lava flows 

and irregular volcanic cones. The intervening basins between the cones 

have been filled with lavas, hyaloclastic debris and pelagic sediments. 

Rhyolitic volcanics, forming the basement under the Southern Lord Howe 

Rise, cannot be extrapolated into the Northern Lord Howe Rise.

3. Late Cretaceous to Early Tertiary time was an interval of tec­

tonic activity which modified the acoustic basement of the Southern 

Lord Howe Rise by faulting, volcanism and differential subsidence.

During this same period, tectonic activity on the Northern Lord Howe 

Rise and the Dampier Ridge was limited; some faulting and volcanism 

are observed in isolated areas.

4. The Lord Howe Rise and the Dampier Ridge have been tectonically 

stable since at least the Early Tertiary; tectonic acitvity probably 

continued for a longer period of time on the Southern Lord Howe Rise 

compared to the Northern Lord Howe Rise and the Dampier Ridge. The 

tectonic pattern, deduced from seismic profiles, substantiates Burns 

and others (1973) tectonic interpretations from the stratigraphy of 

DSDP Sites 207 and 208.

5. A Middle Tertiary disconformity, stratigraphically identified
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at DSDP Sites 207 and 208 (Burns and others, 1973), is traced geophy­

sically through the transparent sediments of the Southern Lord Howe 

Rise and through the opaque sediments within the acoustic basement of 

the Northern Lord Howe Rise and the Dampier Ridge. The surface of dis- 

conformity shows no apparent sign of regional erosion, either strati- 

graphically or geophysically. Bottom currents have probably been the 

active agent of non-deposition which resulted in this regional discon- 

formity. The regional extrapolation of the disconformity on the seis­

mic profile may be direct evidence supporting the early to middle 

Tertiary "circumpolar" current hypothesized by Kennett and others (1972). 

The flow of this current was controlled by plate motions between Aus­

tralia and Antarctica and was intensified by the glaciation of Antarc­

tica (Kennett and others, 1972).

6. A thick (300 m to 500 m) sequence of undisturbed Late Tertiary 

to Quaternary pelagic ooze has covered the regional disconformity on 

both the Lord Howe Rise and the Dampier Ridge. Deposition of these 

sediments lias been accompanied by erosion from bottom currents, slump­

ing along the slopes, and by differential compaction. This suggests 

that the Lord Howe Rise and the Dampier Ridge are important sources of 

pelagic sediments for the New Caledonia Basin and the Tasman Basin.
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