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Introduction

Cruise $O-135 of RV Sonne com-
pleted an extensive mapping and sam-
pling program at selected sites along
& longitudinal transect of the active
Kermadec arc — Havre back-arc sys-
tem (SW Pacific), and its southern
extension into the offshore Taupo
Yoleanic Zone (TVZ) of central North
Island, New Zealand (Fig. 1). To the
north the Lau Basin back-arc, and
voleanism of the Tofua arc, are asso-
ciated with subduction at the Tonga
Trench, The RV Sonne cruise was a
collaborative German - New Zealand
projectinvolving aconsortium of five
German universities, three New Zea-
land research groups, and other in-
vited researchers. SO-135 was the
second of a seres of recently com-
pleted and/or planned cruises, to this
arc - back-arc system. The underly-
ing theme of these cruises is to char-
acterise longitudinal variations of tec-
tonic and magmatic processes along
the arc — back-are system at different
crustal settings, and to identifv sites

of associated hydrothermalism. The
cruise (Sept.-Oct. 1998) comprised
two legs from Suva-Auckland-Wel-
lington, with the first completing a
series of detailed mapping and sam-
pling studies along the Kermadec arc,
and central Havre Trough, while the
second leg consisted of sampling, in-
cluding manned JAGO submersible
dives at shallow hydrothermal vents
of the offshore TV,

Geological Setting

The Tonga-Kermadec-Taupo
(TKT)} arcs, and the ssociated Lau-
Havre-Taupo (LHT)back-arc system,
form an active, contiguous arc—back-
arc system extending over 2000 km
between Tonga and New Zealand
along the Pacific-Australian conver-
gent margin, The general structure
comprises the LHT back-arc, and to a
lesser degree the TKT arc, progress-
ing southward throvgh different
crustal settings (Parson and Wright,
1996}, although collision of seamount
chains, and possibly submarine pla-

teaus, into the subduction margin over-

prnt the sysiem along its length. The

LHT propagates southwards with

spreading oceanic propagation into

oceanic crust (central Lau Basin),
oceanic propagation into arc crust

{southern Lau Basin), rifting within

arc crust {Havre Trough), and rifting

within continental crust (central North

Island, New Zealand).

The continuum of an arc—back-
arc system through full oceanic
spreading o continental crustal rifi-
ing raises a number of fundamental
issues including:

(1) What tectonic and magmatic proc-
esses are involved in the develop-
ment of a mature arc spreading back-
arc from an immature arc rifting
back-arc system?

(2) Do these processes vary spatially
and temporally (including longitu-
dinally and across the arc)?

(3) Does proximity to a subduction
zone modily the underlying tectonic
and magmatic processes?

{4) Does rift and arc magmatism (in-
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cluding associated hydrother-
malism) vary between continental,
arc, and oceanic crustal settings?
Specific sectors of the LHT sys-
temn are becoming comparatively well-
stedied. Considerable data exists for
the (1) central and southern Lau oce-
anicspreading ridge propagation (Par-
son et al., 1990; Wiedicke and Col-
lier, 1993; Parson and Hawkins, 1994)
and southern Law rift (Matsumaoto et
al., 1997}, (2) the northernmost Ha-
vre Trough (Matsumoto etal,, 1997),
and (3) the southernmost Havre
Trough (Wright et al., 1996) and on-

shore Taupo continental rifting seg-
ment (Wilson etal., 1995). However,
critical paps along the system are the
central Havre Trough — Kermadec
Ridge sector (between 28-3275): and
the offshore TVZ. Additionally, the
character and distribution of
hydrothermalismis poorly established
along the Kermadec — Havre sectar,
although active hydrothermal systems
are known at both the northern and
southern extensions from the Lauw
Basin (Fouguetetal., 1991) and TVZ
(Hedinguist, 1986). Hydrothermal
sites within the Kermadec—Havre sec-
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Figure 1. Regional structure (SW Pacific) and the ship track of RV Sonne cruise

50-135.

tor have been recently discovered at
Brothers and Rumble II West arc
calderas (Wright et al., 1998), how-
ever, it 15 uncertain whether they are
presently active.

Cruise Objectives
The underlying scientific objec-
tives of 50 135 werc to:

{1) Determine the characteristic mor-
phology and volcano-tectonic fab-
ric of back-arc rifting and associ-
ated volcanism within the central
Hayre Trough, including spatial and
temporal variations,

(23 Establish the petrogenetic charac-
teristics and relationships of rifting
magmatism and arc volcamism, and
possible longitudinal vanations in
magmatism along the modern
Kermadec are front between arc and
continental crust,

{3) Locate, quantify, and determine
the setting of possible hydro-
thermalism and active venting along
targeted sectors of the Kermadec —
Havre arc-back-arc system, and

(4) Further characterize and sample
submarine hydrothermal vents
within the continental offshore TVZ,
near the active White Island arc vol-
cano.

Central Havre Trough Rifting

The central Havre Trough forms
an archetypal segment of an arc-back-
arc system (Karig, 1970, Taylor and
Karner, 1983) comprising the rem-
nant Colville arc, Havre Trough back-
arc complex, and the active Kermadec
arc and frontal ridge. The latier in-
cluding the partially emergent island
voleanoes of Macauley, Curtis Is-
lands, and Raoul Islands. The back-
arccomplex consists of acentral vol-
canic basement high, flanked by west-
ern and eastern sedimentary sub-ba-
sins. Hydrosweep muliibeam and
magnetic anomaly data, and multi-
channel seismic (MCS) profiles (145-
165kmin length) reveal the back-arc
rifting fabric between 30-30740°8
{Fig. 2).

The remnant Colville arc com-
prises volcanic basement with over-
lying sequences of volcaniclastic
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sediments that are down-thrown by a
series of listric normal faulis to the
east. The basal sequences are exten-
sively faulied at depth, and record
both the early phases of arc volcanism,
and the earliest phases of arc rifiing.
The border fuult zone, between the
remnant arc and western sub-basin,
has an apparent en echelon configu-
ration, generally striking between 019
and 038. Syntectonic volcanism is
evinced by volcanic edifices along
the fault zone.

The western sedimentary sub-ba-
sinconsists of a sedimentary sequence
{with thickness of 0.4 - (.8 sec TWT)
partially mantling voleanic basement,
Out-of-plane seismic reflections and
isolated knolls observed within the
multi-beam data indicate that the un-
derlying basemenl has a variable mor-
phology. The basement fabric, where
observed, is orientated 041-043, The
overlying sedimentary sequence
shows basin infilling was dominantly
from the west, with little evidence of

179 Al

subsequent extensional faulting,

The central voleanic high has a
12-35 km wide basement block, with
minor or no sediment cover, which
rises ~200-800 m above the flanking
sediment basins. It has a strong linear
fabric with bimodal structural trends
of 021-031 and 063, Such trends are
consistent with other obligue Havre
Trough rifting basement fabrics (Ca-
ress, 1991; Wright, et al., 1996). The
more obligue orientations appear to
occur zlong the eastern margin of the
central volcanic block. The eastern
sedimentary sub-basin isthe main site
of present-day extensional Faulting,
with a pervasively laulied sedimen-
tary sequence of variable thickness of
up to at least 1 sec TWT. Faults pre-
dominantly dip west, with the larger
having seafloor relief and late Qua-
ternary syntectonic deposition on the
hanging-wall. In the south, where the
basin narrows to a 10 km wide rift,
flanking basement horsis have strike
orientations of 043-055,

17 30 13 18

The Kermadec Ridge is inter-
preted to comprise abasement core of
the older proto-Colville-Kermadec arc
and associated volcaniclastic se-
quences possibly 10-5 Ma in age,
capped with arc volcanocs of the
present-day arc front. The entire
volcaniclastic sequence consists of
an upper sedimentary section overly-
ing a chaotic sequence of discontinu-
ous reflectors that in part may repre-
sent intercalated sequences of old
volcaniclastic sedimenis and true
acoustic basemeni. The lower section
may be better imaged following
processing of the MCS data, Border
fanlts along the lower western flank,
generally orientated 025, are inler-
preted as a series of low-angle normal
fuuhs with scafloor relief of 100-
300 m. These faults dip west and
show evidence of back-tilting and
syntectonic deposition.

Rock samples dredged from across
the entire arc-back-arc system com-
prise mostly highly vesicular, aphyric
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Figure 2. Shaded bathymetry and location of MCS profiles within the central Havre Trough back-arc basin.
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Figure 3a. Chimney and associated massive sulfides and talus from the inner

north wall of Brothers caldera.

Figure 3b. Shrimps near the vicinity of black smoker vents on the lower north

wall of Brothers calderza,

lavas, with 2 em Mn encrusting,
palagonite, and rock “weathering”
increasing to the west

Brothers Arc Caldera

The Brothers arc caldera
(34°52°5, 179°04'E), a volcano of
the southern Kermadec arc initially
discovered with MR 1 swath mapping,
15 one of only two known sites of
deep-water, high-temperature
hydrothermalism in the Kermadec-
Havre system (Wright et al,, 1998),
Prior to cruise 50-135 two sites of
sulfide mineralisaton associated with

hydrothermal venting on the caldera
wall, and the recovery of two partial
specimensof the caridean vent shrimp
suggesied that Brothers caldera was
an active hydrothermal system. 50-
135 studies at the Brothers caldera
entailed multibeam mapping, seafloor
video/camerasurveys, rock sampling,
and reconnaissance water-column
sampling.

The volcano is pan of larger vol-
canic arc complex comprising elon-
gate ridges/extensional fractures and
depressions orientared 050-060. The
edifice proper rises to a general

caldera rim water-depth of 1560 m,
although locally the northwest caldera
rim shoals to 1320 m. The clongate-
cresentic caldera partially encircles
an clongate 1.5-2kmwide, and 350 m
high, resurgent dome cone that, in
part coalesces with the inner, south-
ern caldera wall. The caldera varies
between 3-3.5 km in diameter, with
the caldera wall rising some 350-
450 m above the caldera floor. Evi-
dence of faulting and mass-wasting
of the caldera wall are commaon.

The seafloor imaging and sam-
pling revealed the presence of exten-
sive hydrothermal mineralization,
active high-temperature “black
smoker” venung, and localized vent
fauna on the north and southern
caldera walls, and on the resurgent
dome.

Narth Wall

Caoincident with the original mas-
sive sulfide discovery a significant
site of sulfide mineralisation and ac-
tive hydrothermal venting occurs on
the northern caldera wall along es-
carpments in water-depths of 1550-
1650 m. Four active black smoker
vents (with 1-2 m high chimneys)
were observed. The largest contigu-
ous zone of sulfide mineralization,
50 m in width and nearly 300 m in
strike length, occurs along a narrow
escarpment at about 1650 m waler
depth. Numerous, free-standing chim-
neys, measuring 1-5 m in height and
having abundant sulfide talus and
massive sulfides, were observed
(Fig. 3a).

Black smoker vents and inactive
chimneys also occur higher up on the
northern caldera wall (small fields up
to 25 m across), while a partially
buried relict vent field occurs on a
low escarpment near the sediment-
covered caldera rim. The latter con-
sists of discontinuous zones of eroded
sulfide material and standing chim-
neys with atotal strike length of about
400 m. Shimmering water was ob-
served locally near the caldera rim.

Recovered hydrothermal rocks
include 6 main sample types: (1) py-
rite-anhydrite breceias; (2)amassive
sphalerite chimney, (3) massive py-




Vol. 8(1), 1999

49

rite crusts, (4) massive pyrite breceias,
(5) pyritic stockwork material, and
(6) Fe-oxide-silica crosts.

The massive anhydrite breccias
consist of crystalline anhydrite and
minor disseminated pyrite. Complex
breccias containing large clasts of
pyrite and anhydrite in & matrix of
coarser-graingd anhydrite are inter-
preted to be the erosional remnants of
anhydrite mounds and/or chimneys.

A single, intact sphalerite chim-
ney was recovered by dredging of the
lower calderawall. The interior of the
chimney is distinctly zoned, with an
inner core of porous sphalerite and
pyrite and an ouler zone of amor-
phous silica, pyrite and marcasite.
Minor chalcopyrite lines an internal
conduit, with macroscopic galena
intergrown with the sphalerite,

Pyritic stockwork-like consists of
massive pyrite-cemented breccias,
containing pyrite and ¢lasts of in-
tensely altered dacite, and pyrite-silica
breccias comprising large clasts of
silicified dacite with abundant dis-
seminated pyrite in the matrix. The
former contain traces of sphalerite
and chalcopyrite, and euhedral
anhydrite.

Large arcas of the upper caldera
wall and rim are covered by delicate
Fe-silica crusts which appear to have
formed at low-temperature vents and
along fractures in the more massive
dacite flows. Most of the crusis con-
sist of brecciated fragments, prob-
ably formed by the repeated growth
and collapse of small Fe-silica chim-
neys at the deposit margins,

Although vigorous venting of
black smoke was observed, obvious
vent-specific macro-fauna were not
abundant. The presence of clam shells,
bacterial floc, and stalked barnacles
suggesis thata vent fauna assemblage
was once present, bul is now sparse.
A few barnacles, galatheid crabs,
minor filamentous bacteria, and
shrimps (Fig. 3b) were the only living
fauna associated with the current hy-
drothermal activity.

South Wall
Grey altered talus occurs at the
base of the south wall, suggesting that

International Rid gé-{f;%e_s'til{;escarch: | Ea{:ic: flﬂ.‘ Basins: St@ffgfé et al. 'ddﬂ;[ii';ﬁ;d‘..

much of this portion of the caldera
may have been exposed to hydrother-
mal fluid. No obvicus sullide miner-
alization was observed and no sam-
ples were recovered from this loca-
fon.

Resurgent Dome

The resurgent dome comprises
extensive glassy dacite talus and a
large 300 m zone of Fe-oxide staining
and alteration at the crest. A large
near-botiom plume was observed near
the dome crest, but an obvious vent
source could notl be located, Fresh,
glassy, vesicular dacite dredged from
the northern flank of the dome was
locally encrusted with native sulfur
and Fe-oxides. Vent-related fauna
include sulfide worms, limpets, white
filamentous bacteria, shrimp, and sev-
eral large fields of stalked barnacles.

Offshore TVE (8W White Island)
The offshore TVE, southwest of
the active Whire Island volecano, forms
aregion of known submarine hydro-
thermal venting with observations of
2as bubbling, metalliferous sediments,
and anhydrite mounds (Duncan and
Pantin, 1969; Glasby 1975; Sarano et
al., 1989, Known sites of hydrother-
mal venting (including the Calypso
vents) occur within a zone of late
Caaternary extensional faulting (the
offshore segment of the Whakatane
Graben), and appear to be associated
with active normal faulis (Pantin and
Wright, 1994). 50-135 studies at these
sites entailed multibeam mapping,
seafloor video feamera surveys, rock
sampling, and JAGO submersible
sampling and observations.
Multibeam mapping reveal that
the puter continental shelfis disrupted
by a series of TV faults {including
the White Island fault zone) striking
044°-033. Typically the faults have
seafloor expression comprising elon-
gate depressions, tlted blocks, and
raised ridges, all of which have verti-
cal relief of 5-20m. The faults appear
tobe segmented over strike lengths of
5-7 km. Three major hydrothermal
vent site areas, initially identified by
acoustic back-seattering from colum-
nar bubble zones streaming to the

sea-surface were identified at
37°41.778, 177T°06°E; 37°41.3°5,
177707 4°E; 37°35.8'5, 1TT°06.2°E
ithe Calypso vents).

Northern Vent Area [ Calvpso Venrs)
The northern vent arcacomprises
a number of vent sites within a 1.5
km?® area. Most recovered samples
comprise altered pumiceous ash and
sulfur-cemented breccias, and local-
ised anhydrite. Disseminated pyrite
{as< | mm grains) is abundant in the
clay-altered pumiceous ash. The mas-
sive anhydrite shows evidenee of cor-
rosion, dissolution, and extensive re-
working, and is interpreted to be the
eroded remnants of an anhydmte
mound or chimney, possibly that de-
scribed by Sarano et al. (1989),

Southern Vent Area

Wents in the southeast and south-
west areas generally occur as indi-
vidual vent outlets occupving small
depressions (1-5 m in diameter) ad-
jacent to the faults, and clustered
within =500 m?® arcas. Specific vent
sites appear to be localized by col-
lapse features along fault scarps, and
zones of intense silification which
focus fluid flow. Venting fluid tem-
peratures are 180-201°C. The
silicified sediments occur as large,
flat-lying and sometimes tilted slabs
that are exposed along the fault
scarps, and mantled with bacterial
filaments, sponges and anemones.

Within the venl arcas most re-
covered samples contain abundant
native sulfur, and locally pyrite. In
more silicified rocks, veins of pyrite
up to [ em wide are observed and cut
silicified ash beds. Black, sulfide-
stained blocks of pumiceous ash and
volcanic breccia were also recov-
ered, many of which were impreg-
nated with light hydrocarbons in frac-
tures and pore spaces. Some 30-40%
of samples are intensely mineralized
containing abundant pyrite, orpiment,
realgar, mercury (cinnabarnative
mercury), and native sulfur,

Acknowledgements
Principal funding of this project
was provided by the German Federal




50

InterRidge News

International Ridge-Crest Research: Back Arc Basins: Stoffers et al. continued...

Ministry Education, Science, Re-
search and Technology BMBF Grant
No. 03G0135A 1w PS). Additional
support was provided by NIWA,
IGNS, University of Auckland, and
Natural Resources Canada{GSC). We
thank Master H, Andersen and the
officers and crew of RV Sonne for
their expert technical assistance dur-
ing the cruise.

References

Caress, D.W., Structural trends and
back-arc extension in the Havre
Trough. Geophys. Res. Leir., 18:
17-19, 1991.

Duncan, A.R. and H.M. Pantin, Evi-
dence for submarine geothermal
activity in the Bay of Plenty. N.Z
J. Muar. Freshwater Res., 3: 602-
606, 1969,

Fouguet, Y., L. von Stackelberg, J.L.
Charlou, J.P. Donval, I.F. Foucher,
J. Erzinger, P. Herzig, R. Muhe,
M. Wiedicke, 5. Soakai, and H.
Whitechurch, Hydrothermal activ-
ity in the Lau back-arc basin:
Sulfides and water chemistry,
Geol., 19: 303-306, 1991.

Glasby, G.P.,Geochemical dispersion
patierns associated with subma-
ring geothermal activity inthe Bay
of Plenty, New Zealand. Geochem.
Jour., 9: 125-138, 1975.

Hedenguist, ] W, Geothermal systems
in the Taupo Volcanic Zone: their
characleristics and relation to
voleanism and mineralisation, in:
Late Cenozoic Volcanism in New
Zealand, LEM. Smith, ed., pp. 7-
20, Rov. Soc. N.Z. Bull. 23, 1986.

Karig, D.E,, Ridges and basins of the
Tonga-Kermadec Island arc sys-
tem. J. Geoplvs. Res. 75:239-254,
1970.

Matwsmoto, T.; K. Kobayashi, T.
Yamazaki, J. Deltiel, E. Rucllan,
5. Abe, M. Aoki, G. Buffet, C1LE
de Ronde, J. Etoubleau, T.
Fujiwara, P.A. Jarvis, M. Joshima,
T. Kula, H. Kumagai, F.
Murakami, A. Nishizawa, A,
Pelletier, N, Takahaski, and 1.C.
Wright, Boundary between active
and extinet zones in the Lau Ba-
sin-Havre Trough, Southwest Fa-
cific: Results of the LAUHAVRE

cruise of RV Yokosuka. Inter-
Ridge News 6(2): 19-24, 1997.

Pantin, HM. and 1.C. Wright, Subma-
nin¢ hydrothermal activity in the
offshore Taupo Volcanic Zone,
Bay of Plenty continental shelf,
New Zealand. Continent. Shelf
Res., 14: 1411-1438, 1994,

Parson, L.M. and J.W. Hawkins,
Two-stage ridge propagation and
the geological history of the Lau
back-arc basin. Proc. ODP, Sci.
Res., 135: Ocean Drilling Program,
College Station, TX, 819-828,
1994,

Parson, L.M. and L.C. Wright, The
Lau-Havre-Taupo back-arc ba-
sin: A southward-propagating,
multi-stage evolution from rifting
to spreading. Tectonophys., 263:
1-22, 14996,

Parson, L.M., I.A. Pearce, B.J.
Murton, R.A. Hodkinson, 5.
Bloomer, M. Ernewein, Q.1.
Hugget, S. Miller, L. Johnson, and
P. Rodda, Role of ridge jumps and
ridge propagation in the tectonic
evolution of the Lau back-arc ba-
sin, southwest pacific. Geol., 18:
470-473, 1990,

Sarano, F., R.C. Murphy, B.F.
Houghton, and J.W. Hedenquist,
Preliminary observations of sub-
marine geothermal activity in the
vicinity of White Island volcano,

Taupo Volcanic Zone, New Zea-
land. J. Roy. Soc. N.Z 19: 449-
459, 1989,

Taylor, B. and G.D. Kamer, On the
evolution of marginal basins, Rev,
Geophys, Space Phys, 21: 1727-
1741, 1983,

Wiedicke, M. and J. Collier, Mor-
phology of the Valu Fa Spreading
ridge in the southern Lau Basin. J.
Geophys. Res, 98: 11,769-11,782,
1993,

Wilson, CJ.N., B.F. Houghton, MLO.
McWillimas, M.A. Lanphere, S.D.
Weaver, and R.M. Briggs, Vol-
canic and structural evolution of
Taupo Volcanic Zone, New Zea-
land: A review. J. Vole. Geotherm.
Res., 68: 1-28, 1995,

Wright, 1.C,, LM. Parson, and J.A.
Gamble, Evolution and interac-
tion of migrating cross-arc
voleanism and backare rifting: An
example from the southern Havre
Trough (35°20'-37°8). J. Geo-
phys. Res., 101: 22071-22086,
1996,

Wright, L.C., C.E.J. de Ronde. K.
Faure, and J.A. Gamble, Discov-
ery of hydrothermal sulfide min-
eralisation from southern Ker-
madec arc volcanoes (SW Pacific).
Earth Planer, Sti. Lest., 164: 335-
343, 1998, @

\

*
InterRidge

diskette via the post

The deadline for
InterRidge News 8(2) is:

Friday, October 1, 1999

*» Format specifications can be found at
http://www.lgs.jussiew.fr/~intridge/irn.htm

* Send submissions by e-mail (intridge @ext jussiew.fr) or by

* Please do no send articles in formats higher than Word 6!






