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Basement gabbro from the Lord Howe Rise

N. MORTIMER

Institute of Geological & Nuclear Sciences
Private Bag 1930
Dunedin, New Zealand

Abstract In 1975 aFrench expedition dredged a seamount
on the Lord Howe Rise and recovered basalt with gabbro
xenoliths. New analytical work indicates that the basalt is a
strongly alkaline lava, similar to Neogene intraplate basalts
that are widespread across Zealandia. The gabbro is a
cumulate leucogabbro containing augite, plagioclase,
titanomagnetite and, in some parts, rare olivine (now entirely
pseudomorphed by clay). Whole rock and clinopyroxene
element concentrations and ratios indicate that the gabbro is
weakly alkaline to transitional in composition and is not
petrologically related to the basalt. Attempts to date the
gabbro by the Rb-Sr method have been unsuccessful but
clinopyroxenehasaninitial 87Sr/88Sr of ¢. 0.7036, that varies
little with age. Whole rock and mineral chemistry, and Sr,
Nd, and Ph isotopic ratios support an origin for the gabbro as
part of anintraplate mafic pluton (of probable L ate Cretaceous
age), rather than asa continuation of the Devonian—Cretaceous
convergent margin Median-New England Batholith.
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INTRODUCTION

The Lord Howe Rise is a major bathymetric feature of the
Southwest Pacific Ocean. It is connected to the mainly
submerged Zealandia continent via the Challenger Plateau
and separated from the Australian continent by the
Cretaceous—Paleogene Tasman Sea abyssal ocean basin
(Fig. 1) (van der Linden 1967; Ballance 1993; Sutherland
1999).

The geological framework of the Lord Howe Rise has
been established only from marine geophysical work and
DSDP holes. It mainly lies at 1200-1600 m water depth, is
blanketed by a c. 1 km thick cover of Late Cretaceous—
Neogene sedimentary rocks, and is pockmarked by numerous
volcanic seamounts (Burns & Andrews 1973; Bentz 1974;
Launay et al. 1977, and references therein). The thick
sedimentary cover means that direct sampling of the Lord
Howe Rise basement is practically impossible. Basement
(pre-Maastrichtian) rocks have been obtained from only one
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place, DSDP 207 (Burns & Andrews 1973). This hole
bottomed in 156 m of banded and fragmental rhyolites,
sanidines from which were dated as 94 + 2 Ma by Ar-Ar
total fusion and K-Ar methods (McDougall & vander Lingen
1974, with new decay constants).

In 1975 a French expedition, GEORSTOM Il1 SUD,
dredged a seamount near the crest of the Lord Howe Rise at
latitude 35°39.4°S, longitude 165°58.5'E, water depth 1250—
770 m (dredge station GO357 of Monzier & Vallot 1983). The
seamount, which issome 180 km NNE of DSDP 207 (Fig. 1),
had been previoudly identified on Mobil seismiclinesby Bentz
(1974), who reported it to be c. 5.5 kmin diameter at its base
and rising some 500 m abovethe plateau-like crest of the Lord
Howe Rise. Published seismic profiles of the seamount are
giveninBentz (1974, fig. 10), Launay et al. (1977, fig. 4), and
Monzier & Vallot (1983, fig. 37-40).

Launay et a. (1977) and Monzier & Vallot (1983) listed
the GO357 dredged rock types as altered amygdaloidal
olivine basalt (including palagonite and breccia), altered
olivine gabbro (present asindividual blocksand asinclusions
in the basalt), and biomicrite. Apart from some petrographic
notes and major element analyses (Launay et al. 1977), there
has been no further work on the GO357 rocks.

Thereisapaucity of dataon the nature of the continental
basement of the Lord Howe Rise, which occupies a critical
linking position between New Caledonia, Australia, and New
Zedland (Fig. 1) (Balance 1993). In view of the ongoing
interest in offshore Southwest Pacific basement geological
correlations (e.g., Tulloch et al. 1991; Hubble et al. 1992;
McDougall et al. 1994; Mortimer et al. 1998; Sutherland
1999), one sample of the GO357 gabbro and one of the basalt
were obtained from the Office de la Recherche Scientifique
et Technique Outre-Mer (ORSTOM) offices in New
Caledoniafor detailed study, along with some thin sections.
Thisshort paper containsasummary of new analytical results
and interpretations of the GO357 rocks that is relevant to
understanding the origin of this part of the Lord Howe Rise.
Full analytical data have been archived in the PETLAB
Geoanalytical Database (http://data.gns.cri.nz/pet) and are
available from the author on request.

DATA

Petrology and mineralogy

The basalt (Institute of Geological & Nuclear Sciences
Petrology Collection P57144) isan amygdaloidal, variolitic
lava. Microphenocrysts are of olivine (which is fresh) and
plagioclase. Rare clinopyroxene (xenocryst?) grains are
subrounded in outline and rimmed by opaque oxides,
suggesting a reaction relationship with the host lava. One
2 mm xenolith of olivine clinopyroxenite was identified in
one of the ORSTOM thin sections. Amygdules are c. 1 mm
in diameter, comprise c. 25% of the rock by volume, and
contain calcite, heulandite, and infiltrated cal c-ooze.
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Fig. 1 Location of dredge site
GO357 on the Lord Howe Rise.
Other offshore sample sites shown,
aswell asthe New England Orogen
- Median Batholith Carboniferous—
Cretaceous magmatic arc. Water
depth <2000 m showninlight grey.
W, Whitsunday Volcanics; H,
Houhora Complex; T, Tapuaenuku;

x4 U, Hohonu Batholith; C, Chatham
Islands. LHI, Lord Howe |Island;
Bl, Bounty Island; NINZ, North
Island; SINZ, South Island; WNR,
West Norfolk Ridge.
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Thelargest gabbro sample (P57145) isamedium-grained
(3-5 mm), weakly laminated, subhedral granular
leucogabbro (Fig. 2) made up of c. 85 vol.% plagioclase,
c. 13% augite, and c. 2% anhedral interstitial opagues and
minor green spinel (c. 2%). Olivine, now pseudomorphed
by clay, comprises <1% of the rock and is restricted to thin,
<1 cm, bands in the gabbro. The abundance of plagioclase,
along with certain geochemical characteristics (see below),
indicate a cumulus origin for the rock.

Electron microprobe analyses of the gabbro show
relatively unzoned mineral compositions. Plagioclase
(4 analyses) ranges in composition from Ansg_g; and
Orq g-1.3-Augite (15 analyses) is Enzg _4oFS11-15W043 48, With
Mg# 73—79 and no significant sector or radial zoning. Some
augites show exsolution of opague oxides along cleavage
planes, but no orthopyroxene or pigeoniteis present. Opague
oxide occurs as inclusions in pyroxene and as interstitial
grains between plagioclase and pyroxene; compositions
(4 analyses) are titanomagnetite with some exsolved ilmenite.
Blebs of green pleonaste spinel (Mg# 56; 1 analysis) occur
in association with theinterstitial titanomagnetite. Chromite
is not present.

The cumulate nature of the rock means that the whole
rock chemical compositionisof limited valuein petrogenetic
interpretation (see below). Because of this, clinopyroxene
compositions were used to make interpretations about the
nature of the crystallising magma. On the Ca+Na versus Ti
diagram of Leterrier et al. (1982), the analyses of P57145
plot in the alkali basalt field, but do not have the strongly
alkaline, high Ti character of some Chatham Island lavas
(Fig. 3A). OntheTiO, versus percent tetrahedral Al diagram
of Loucks (1990), the analyses cluster along a Ti/Al ratio
corresponding to rift-related gabbros, and distinct from arc-
related gabbros (Fig. 3B).

Mafic lower crustal xenoliths have been reported from
basaltsin the continental borderlands of the Southwest Pacific

(e.g., Rudnick & Taylor 1991; Wysoczanski et al. 1995). The
granular texture and weak lamination of P57145 are observed
both in lower crustal xenoliths (Wysoczanski et al. 1995,
fig. 2) and in higher level gabbros (e.g., MacKenzie et a.
1982, fig. 40, 41, 125). No high-pressure metamorphic
minerals(e.g., garnet, orthopyroxene) are present inthe Lord
Howe Rise xenoliths. Crystallisation pressure estimates based
on the single clinopyroxene geobarometry of Nimis (1999)
are <4 kbar, and thus tentatively suggest an upper crustal
origin for the xenoliths. The ratio Aly/Alz for P57145
pyroxenes is >1, similar to igneous rather than granulite
pyroxenes (Aoki & Shiba 1973).

The magnetic susceptibility of P57145 is 12 000 x 107°
dimensionless Sl units. This high susceptibility (cf. only
200 x 107° for P57144) may have been enhanced by oxide
production during mineralogical alteration as a xenolith.
However, the value is comparable to other New Zealand
gabbros (Mortimer unpubl. data, PETLAB database).

Whole rock chemistry

Element concentrations and ratios in the basalt (Table 1,
Fig. 4) indicate that it is a typical primitive, sodic alkaline
mafic lava, with high MgO, Ni, Cr, Nb, and asteeply sloping
rare-earth element (REE) pattern.

The analysed gabbro sample has anhydrous-corrected
major element concentrations (e.g., SiO, c. 46.5 wt%, total
alkalies 3.4 wt%, TiO, 1.5 wt%, P,0O50.07 wt%; Table 1)
ostensibly indicative of asubalkaline composition. However,
Al,0O3 and CaO concentrations, and spikes and troughs on
the normalised multi-element diagrams (Fig. 4) confirm the
petrographic observations that the analysed rock has
undergone significant plagioclase and titanomagnetite
accumulation and its bulk composition is not representative
of aprimary magma. Particularly notable in this respect are
the high Eu, Sr, K, Ba, Cs, and Ti relative to La and other
rare-earth elements. Most other trace elements, including the
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Fig.2 Microscopeimage of leucogabbro P57145. Cross-polarised
light, width of photo 7 mm. Note distinctive lamellar twins in
plagioclase, three pyroxenes (untwinned, medium grey) towards
centre of photograph, and scattered black opaque oxide grains.

REEs, have probably had their concentrationsdiluted relative
to the original basaltic magma. As such, individual element
concentrations are of limited use in establishing the
petrogenesis of the gabbro. However, the ratios of elements
with similar geochemical behaviour in basaltic systems can
be used judiciously.

Despite the identification of the gabbro asacumulate, it
isfairly clear that the gabbro is petrogenetically unrelated to
the basalt and thus not a cognate xenolith. Thisis shown by
thelarge differencesinratios of elementsthat do not partition
into plagioclase: Zr/Y (2.1 for the gabbro, 10.5for the basalt);
Th/Ta (0.8 for the gabbro, 1.4 for the basalt); Pb/Ce (0.27
for the gabbro, 0.03 for the basalt); Ti/V (34 for the gabbro,
81 for the basalt), and La/Nb (2.9 for the gabbro, 0.7 for the
basalt). The Th/Taratio of the gabbro issimilar to mid-ocean
ridge basalt (MORB) and within-plate basaltic rocks
(subduction-related basalts have Th/Ta> 2.3; Wood 1980).
The Ti/V ratio of the gabbro is similar to MORB, backarc
basin basalts, and continental flood basalts; Shervais 1982).
The moderate light rare-earth element enrichment of the
gabbro (Fig. 4B) is perhaps more consistent with a weakly
alkaline basaltic magma than a subalkaline one; certainly it
is different from the more strongly akaline P57144 basalt.

Isotopic ratios

The occurrence of the gabbro asxenolithsin the basalt meant
that fission track or Ar-Ar methods were not attempted as
means for establishing the crystallisation age; thermal
resetting would have severely disturbed these systems with
low to moderate closure temperatures. Mineral separates of
the gabbro contained no zircon, titanite, or baddellyite so
neither could U-Pb methods be used to date the rock. Rb-Sr
mineral isochron dating was attempted, but the three
datapoints have a very restricted range of Rb/Sr ratios
(Table 2) and they are not colinear on an isochron diagram
(not shown); no meaningful age can be obtained from the
data. However, the very low Rb/Sr ratio of the clinopyroxene
meansthat the cal culated initial 87Sr/86Sr of the gabbro must
have been c. 0.7036, irrespective of age. The initial eNd of
the whole rock is slightly more age dependent and varies

503
A
0.12r
~
> o alkaline
~ Chathams
008 )
=) subalkaline ™~ {
a
[
0.04 ..4
et
0.00 —
0. : !
Ca+Na (pfu)
16 |
B | /
L \&&’ Chathams

Houhora

Kirwans

0 1 2 3 4
TiO, (wi%)

Fig.3 Clinopyroxene compositionsof gabbro P57145 (black dots)
compared with other New Zealand mafic suites. A, Ca+Naversus
Ti plot of Leterrier et a. (1982) showing division into alkaline and
subalkaline suites. B, TiO, versus percent tetrahedral Al diagram
of Loucks (1990) showing subdivisioninto arc and rift-related mafic
gabbros. Comparison with New Zealand vol canic reference suites
showsthat P57145 issimilar to mildly alkalinerift-related basalts,
and differs from subalkaline suites such asthose in the arc-rel ated
Median Batholith. Reference data from Morris (1979), Williams
& Smith (1983), Mortimer et al. (1995, 1998), and Mortimer
(unpubl.).

from +4.3 (present day) to +6.6 (at 400 Ma). A comparison
of the Sr and Nd isotopic data with some New Zealand
reference suites is shown in Fig. 5A. The initital ratios of
P57145 are not especially extreme or distinctive, and fall
within the fields of the long-lived Median Batholith as well
as numerous Late Cretaceous—Cenozoic rift related and
intraplate suites.

The Pb isotopic ratios of the gabbro (Table 2; Fig. 5B)
plot above the Northern Hemisphere Reference Line of
typical oceanic basalts. It isdifficult to conclude much from
one analysis of one sample, but the Pb isotopic ratios are not
dissimilar to New Zealand Late Cretaceous—Cenozoic
intraplate suites that typically have a substantial proportion
of HIMU component (Lanyon et al. 1993; Price et al. 2003).

DISCUSSION

Correlation of the gabbro

The cumulate gabbro xenolith analysed for this study
(P57145) has key element ratios that indicate it is
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petrologically unrelated to the enclosing alkali basalt
(P57144). The gabbro xenoliths probably represent fragments
of Lord Howe Rise upper crustal basement that were detached
and incorporated into the basalt. Without a radiometric age
for the gabbro, definitive correlation with onland equivalents
isproblematic. However, itisclear that the Ti and Al contents
of clinopyroxene, along with rare-earth element
concentrations and Th/Ta of the whole rock, suggest a
petrogenesis more in common with mildly alkaline rift-
rel ated basaltic magmas than those from subalkaline magmas

Table 1 Whole rock analytical data for dredge GO357 igneous
rocks.

Basalt Basalt Gabbro Gabbro
P57144 357-D1 P57145 357-D4
SiO, (Wt%) 34.78 34.22 45.67 44.63
TiO, 1.99 1.92 1.47 1.69
Al,O4 10.04 9.56 21.90 20.79
Fe,05T 10.55 10.50 8.94 9.81
MnO 0.14 nd 0.08 nd
MgO 10.47 10.54 3.83 4.42
Ca0o 16.97 16.71 12.87 12.70
Na,O 2.61 212 3.13 2.45
K,0 1.41 1.22 0.23 0.23
P,Ox 0.93 1.00 0.06 0.08
LOI 9.30 10.64 1.72 1.92
Total 99.19 98.43 99.90 98.72
Sc (ppm) 17.23 30.51
\Y 147 258
Cr 518 88
Ni 380 36
Cu 35 71
Zn 141 38
Ga 19 19
Rb 31.55 141
Sr 917.46 1203.41
Y 33.11 4.60
Zr 346.97 9.58
Nb 73.23 0.73
Cs 0.42 0.14
Ba 386.44 125.02
La 55.20 2.17
Ce 106.45 4.74
Pr 12.62 0.67
Nd 54.69 3.53
Sm 13.29 1.06
Eu 4.18 0.81
Gd 11.62 1.10
Th 1.68 0.17
Dy 8.07 0.97
Ho 1.28 0.18
Er 2.64 0.43
™m 0.30 0.05
Yb 1.56 0.30
Lu 0.21 0.05
Hf 8.19 0.37
Ta 4,56 0.09
Pb 3.70 1.26
Th 6.67 0.07
U 1.77 0.05
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in subduction-related settings. This would seem to exclude
correlations with the Median Batholith of New Zealand, the
Dampier Ridge dredges, or the New England Batholith of
Australia.

One likely interpretation is that the gabbro is another
discovery of widespread L ate Cretaceous—Cenozoic igneous
rocks that formed immediately before, during, and after
Gondwana breakup (Fig. 1). These include rocks from the
Chatham Islands (Morris 1985), Hohonu Batholith (Waight
et al. 1998a,b), and Tapuaenuku Complex (Baker et al. 1994)
of New Zealand’s South Island, the Houhora Complex of
Northland, basalts dredged from the Reinga Ridge (M ortimer
et al. 1998), and the Whitsunday Volcanics of eastern
Australia (Ewart et a. 1992; Bryan et al. 1997). Theserocks
range from subalkaline to strongly alkaline basaltic
compositions (Fig. 3A) and their pyroxenes show classic rift-
related Ti/Al ratios like P57145 (Fig. 3B). The Cretaceous
rift rocks have relatively unradiogenic Sr and Nd isotopic
composition (e.g., 87Sr/%6Sr; ranges 0.7028-0.7040) except
where contaminated by continental crust, and their Pb
i sotopic composition typically shows a proportion of HIMU
mantle reservoir component.

Regional context

The age of opening of theNew CaledoniaBasinisspeculative
but isthought to be L ate Cretaceous (Uruski & Wood 1991),
consistent with continent-ocean rifting elsewhere around
New Zealand (Sutherland 1999). The likely occurrence of
Late Cretaceous igneous basement in the area of dredge
G0357, related to opening of the New CaledoniaBasin, has
previously been suggested by Davy (1992) and Sutherland
(1999). This is based on the existence of alarge, regional,
positive magnetic anomaly along the edge of the Lord Howe
Rise adjacent to the New Caledonia Basin, for which
magnetic rocks such as the P57145 gabbro could be the
source. At present there are no trace element chemical data
from the rhyolites at DSDP207 (Fig. 1), hence, it is not
definitively known if these 96 Marhyolites (McDougall &
van der Lingen 1974) are also rift-related.

Dredge samples from the West Norfolk Ridge (Fig. 1)
on the opposite side of the New Caledonia Basin to site
GO357 have been correlated with the Median Batholith and

Table 2  |sotopic data for gabbro P57145.
plag cpX wr

Rb 0.35 0.13 1.13
Sr 1370.00 41.72 1197.00
87Rb/%6Sr 0.0007 0.0092 0.0027
87Sr/865y 0.703591+ 14 0.703690+ 14 0.703689 + 14
Nd 3.61
Sm 0.92
1475m/144Nd 0.15422
143N d/44Nd 0.512837 + 06
208pp/204pp 38.640 + 08
207Pp/204pp 15.629 + 03
206pp/204ph 18.819 + 03

Analyses prefixed “P” are new for this study with major elements,
Cr, Cu, Ga, Ni, V, Zn by X-ray fluorescence at Spectrachem
Analytical, Wellington; all other elements by ICP-M S, Washington
State University. Analyses prefixed “ 357" were reported by Launay
et a. (1976). nd = not determined.

Analyst: N. W. Walker at Brown University. Element concentrations
in parts per million. plag = plagioclase, cpx = clinopyroxene, wr =
unleached whole rock. Errors are 26 uncertainties in the last two
decimal places. Analytical methods are identical to those reported
in Mortimer et al. (1999).
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Fig. 4A,B  Whole rock normalised multi-element plots of basalt
P57144 and gabbro P57145. Normalising factors from Sun &
McDonough (1989).

contiguous Brook Street Terrane (Mortimer et al. 1998).
Dredge samples from the Dampier Ridge have been
correlated with the New England Batholith, which can be
considered an along-strike continuation of the Median
Batholith (McDougall et al. 1994). WhileaMedian Batholith/
Dampier Ridge correlation of site GO357 gabbro cannot
entirely beruled out, themildly akaline, rift-related pyroxene
compositions from P57145 seem to indicate that thisis not
the case. The Cretaceous rifts of the New Caledonia Basin
and Tasman Seaappear to have cut obliquely acrossthe older
basement trends, such that the Bounty Islands - Median
Batholith - West Norfolk Ridge - Dampier Ridge - New
England Batholith plutonic belt has been segmented and
dispersed. Along the West Norfolk Ridge the edges of the
plutonic belt are subparallel to the Cretaceous rift, whereas
between GO357 and Lord Howe Island, the plutonic belt
must therefore strike obliquely across the Lord Howe Rise

(Fig. 1).

CONCLUSIONS

Dredging of a volcano on the southern Lord Howe Rise
yielded basalt containing gabbro xenoliths (Launay et al.
1977; Monzier & Vallot 1983). New analytical dataindicate
that the xenoliths are unlikely to be petrologically related to
the basalt but represent samples of Lord Howe Rise
crystalline basement, probably the upper crust rather than
the lower. The gabbro is magnetic, contains much cumulus
plagioclase, and appears to have crystallised from aweakly
alkaline to transitional, intraplate basalt magma. Attempts
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Fig.5 Initial Sr-Nd isotope diagram (A) and Pb isotope diagram

(B) for gabbro P57145 and comparative igneous suites. P57145 is
not age-corrected, but at 400 Ma the only significant change on
the diagramsis a shift to 143N d/244Nd = 0.51298. DMM, Depleted
MORB Mantle; EM 1, Enriched Mantle 1; EM2, Enriched Mantle
2; HIMU, High p mantle component end members;, MORB, mid-
ocean ridge basalt; NHRL, Northern Hemisphere Reference Line.
Referencefieldsfor New Zealand South Island (NZSI) suites, and
other suites and mantle components from Lanyon et al. (1993),
Muir et al. (1996, 1998), Mortimer et al. (1998, 1999), and Price et
al. (2003).

to date the crystallisation age of the gabbro by Rb-Sr mineral
isochron methods were unsuccessful, but clinopyroxene has
aninitial 87Sr/%Sr of ¢. 0.7036, irrespective of age. Because
of thelack of ageinformation, aclear correlation with onland
igneous suites cannot be made. However, the most likely
interpretation is that the gabbro formed during Late
Cretaceous rifting of the Lord Howe Rise from the West
Norfolk Ridge.
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