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The RV "Sonne" cruise SO-169 of project CAMP took place from 17 Jan. to 24 Feb. 
2003 with a geophysical-geological survey and sampling program of the Campbell 
Plateau and Bounty Trough of the Southern Pacific, southeast of New Zealand 
(Fig. 1.1). The Campbell Plateau off New Zealand, as part of the greater New Zealand 
continent called Zealandia, is one of the world's largest submarine Plateaus. The relation 
between magmatic events and tectonic and structural evolution of the Campbell Plateau 
is one of the significant remaining questions in the framework of reconstructing the 
evolution of Zealandia and the southwest Pacific region. 

The leg consisted of the following main work programs: 

(1) Analysis of the tectonic structure and geodynamic evolution of the Campbell Plateau 
by means of a deep seismic traverse from the South Island to the centre of the plateau. In 
addition to acquiring seismic reflection multi-channel data, ocean-bottom seismographs 
(OBS) were deployed and provided detailed wavefield information about the seismic 
velocity distribution and physical properties of the crust and upper mantle. By 
integrating the seismic data with simultaneously recorded gravity and magnetic records 
and with petrological information from basaltic dredge samples, a structural-dynamic 
model of the plateau's evolution will be developed. 

(2) Understanding the break-up process of Campbell Plateau from Marie Byrd Land, 
West Antarctica: A seisrnic refraction OBS profile and reflection profiling across two 
Segments of the Bounty Trough provide evidence for the structural characteristics of the 
trough and the influence of magmatic phases On the extensional and break-up processes 
along the plateau margin. A first analysis of the data indicates that initial rifting between 
New Zealand and Antarctica occurred along the Bounty Trough. 

(3) Volcanological, geochemical and geochronological studies of magmatic rocks 
dredged from the Campbell Plateau will contribute to an improved understanding of the 
geodynamic processes during the break-up of the continents. The sample analyses will 
contribute to the question whether the Cenozoic volcanism of the plateau results from an 
asthenospheric upwelling or a swarm of episodic plumes. They also might reveal the 
existente of a fossil plume head underneath the New Zealand micro-continent. 

In total, 1284 km of seismic reflection data, 818 km of seismic refraction data (with 45 
OBS and 7 land stations), and about 10,000 km of gravity, magnetic, swath-bathymetric 
and sub-bottom profiler data were collected during this leg. In addition, 16 successful 
petrological dredge operations were undertaken. 



8 ÃŸ SONNE SO- 169 Cruise ÃŸepor Campbell Plateau (New Zealand) 

Fig. 1.1 RV Sonne SO-169 cruise track map with seismic lines, OBSIseismic land stations and 
dredge sites indicated. 
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3. Tectonic and geological framework 
(B. Davy, D. Baskes, K. Gohl) 

3.1 General setting 

The region east and southeast of New Zealand is a large area (>l,OOO,OOO h2) of 
submesged continental crust, comprising the Campbell Plateau, Chatham Rise, Bounty 
Trough, Bounty Rise and Bollons Seamount (Fig. 3.1). Prior to Gondwana break-up, 
New Zealand was positioned at the proto-Pacific convergent margin of Gondwana. 
Campbell Plateau and Chatham Rise were attached to the Marie Byrd Land and 
Thurston Island blocks of West Antarctica. The Bounty Trough separates the Campbell 
Plateau and Chatham Rise and connects at its western end with the Great South Basin 
via the Canterbury Basin. The csustal structuse and histo~y of the Campbell Plateau - 
Bounty Trough - Chatham Rise region is poorly known, yet it is a key element in 
understanding the evolution of this Gondwana margin from a convergent margin to 
continental break-up and rifted margins. Much of the structures of the Campbell Plateau 
is inferred fsom the onshore geology of the South Island of New Zealand. 

Fig, 3.1 Regional satellite-derived topographic map of the Neiv Zealand region (from Smith and 
Sandwell, 1997). 
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Pse-Late Cretaceous basement rocks in the onshose New Zealand comprise a number of 
volcano-sedimentary accsetionasy complexes and the batholiths that intrude these 
terranes (Fig. 3.2). These sedimentasy rocks have in turn been deformed and convested 
to schist and gneiss in the deformation psocess. The basement socks vasy in age from 
Middle Cambrian to Easly late Csetaceous. The Phanerozoic tectonic history of New 
Zealand has genesally been interpseted as the psogsessive Pacific-ward gsowth of the 
GondwanaIandPangea supercontinent by terrane accsetion and batholith intrusion at a 
convergent margin. Until about 130 Ma ago, subduction occurred beneath New Zealand 
producing typical calc-alkaline arc volcanism and intrusion of the Median Batholith 
(Median Tectonic Zone) fsom 160-130 Ma (Kimbsough et al., 1994). Basement socks 
intruded include those of the Brook Stseet and Western Psovince tenanes, psobably 
accseted at the Gondwana masgin by Permian-Triassic time, and the Pesmian-Jusassic 
Muruhiku Supesgsoup, 

Fig. 3.2 Basement terrane geology of onshore South Island, New Zealand (Mortimer et al, 
2002). 
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The time from 130 Ma to 105 Ma has been interpreted as a period of large-scale crustal 
extension in New Zealand (e.g., Cook et al., 1999; Nathan et al., 1986; Tumbull and 
Uruski et al., 1993; King and Thrasher, 1996), including major core-complex formation 
(Gibson and Ireland, 1995; Tulloch and Kimbrough, 1989) and anomalous alkali-calcic 
volcanism (Muir et al., 1995). Core complexes appear to have forrned as the result of 
orogenic collapse. Eastem Australian continental crust, interpreted as adjacent to New 
Zealand in the Cretaceous but unaffected by extension, is 30-45 km thick (Collins, 
1991). 

Although the above authors have interpreted extension within New Zealand as post 130 
Ma, Mortimer et al. (1999; 20021, while acknowledging periods of dominantly strike- 
slip terrane displacement (Bradshaw, 1989; Adams and Kelly, 19981, have confined the 
interpreted period of extensional structures to post 110 Ma. Magma geochemistry 
suggests that New Zealand remained a Zone of plate convergence through to about 105 
Ma (e.g., Muir et al., 1995) and field evidence On the East Coast of North Island shows 
folding and compression to about 85-81 Ma (Mazengarb and Harris, 1994). The ultimate 
trace of the Gondwana convergent margin lies at the northern edge of the Chatham Rise 
whese the Hikurangi Plateau Lage  Igneous Province was subducted southward beneath 
the northe1-n Chatham Rise margin of Gondwana (Fig. 3.1). 

Widespread rifting throughout New Zealand between 105 Ma and 80 Ma is associated 
with the final break-up of Gondwana. Earliest identified syn-rift sediments of the Great 
South Basin (Hoiho Group) are dated at about 90-100 Ma (Raine et al., 1993; Cook et 
aI., 1999). Contemporaneous extension occurred in the adjacent Canterbury Basin and 
Bounty Trough, and elsewhere in New Zealand, such as in the Taranaki Basin. 

The onshose basement has been the subject of renewed deformation in the Neogene with 
the development of the modem Pacific-Australia plate boundary through the land area. 
Although this deformation is distributed across most of the South Island, it is not 
interpreted as significantly defonning the Campbell Plateau - Bounty Trough region. 
However the sedimentary input from the rising Southem Alps, onshore in the South 
Island, is secognised in increased sedimentary input over the last 10 Ma. 

3.3 Offshore structures 

Seafloor spreading at the Osboume Trough, 1000 km north of the Hikurangi Plateau, 
has been interpreted to be active until 72 Ma (Billen and Stock, 2000), although rifting 
and seafloor spreading between Antarctica and New Zealand has been interpreted at 82- 
85 Ma from magnetic anomalies east of the Campbell Plateau - Bounty Trough margin 
(Cande et al., 1989). Extension south of the Chatham Rise convergent margin in the 
period 110-85 Ma led to crustal thinning and the development of the great South Basin 
and to thinning of the crust beneath the Bounty Trough. What is not obvious is whether 
the Bounty Trough existed as a pre-existing basin prior to this period of extension or the 
timing and mode of deformation across the Campbell Plateau -Bounty Trough - 
Chatham Rise during this period. 

The Bounty Trough lies parallel to the former Gondwana subduction margin that ran 
along the northem edge of Chatham Rise (now a suture between Chatham Rise and the 
accreted Hikurangi Plateau). The Cretaceous rift may have formed in the location of a 
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pre-existing back-arc basin, a proto-Bounty Trough, possibly Permian in age (Davy, 
1993). The trough is connected to the West with the Canterbury and Great South basins 
and merges with the ocean crust of the South Pacific to the east. It may have acted as a 
failed rift of early South Pacific opening, although the location and nature of the 
continent-ocean transition is not clear. A magnetic anomaly at the eastern end of Bounty 
Trough has been tentatively identified as Chron 34y (Cande et al., 1989) (Fig. 3.31, 
suggesting a possible age of 83 Ma for the ocean crust. However, the Bollons Seamount 
is clearly rifted from the eastern end of the Bounty Rise and there is a probable ridge 
jump early in the spreading history, raising the possibility that the anomaly represents 
Chron 33 rather than 34 (Cook et al., 1999). Because the Bounty Trough is bordered to 
the east by ocean crust of about 80 Ma age and the trough shows little sign of significant 
Iater deformation pavy ,  1993), it had probably completed its formation by 80 Ma. 

Fig. 3.3 Sketch map of magnetic anomalies of the New Zealand region including seafloor 
spreading anomalies (Sutherland, 1999; moditied after Cande, 1989). JMA = Junction 
Magnetic Anomaly. Features sho~vn as black Iines on the Campbell Plateau and 
Chatham Rise are gravity lineaments that are likely related to faults in basement. 
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While initial extension and crustal thinning seems to have been distributed across the 
eastern New Zealand ernst, the final break-up of New Zealand crust from Marie Byrd 
Land appears to have occurred as an abrupt splitting of relatively unthinned crust. The 
continent-ocean transition along the southeastern margin of the Campbell Plateau is very 
sharp, as defined in satellite gravity data and physiography, with a steep bathymetric 
step from 1000-2000 m to abyssal depths of the South Pacific sea floor (Fig. 3.1). The 
oldest magnetic anomaly reliably identified On South Pacific ocean crust along the 
margin is 330 (Cande et al., 1989), formed at 79 Ma (Cande and Kent, 1995). The 
Chron 330 anomaly lies 50-150 km southeast of the continental plateau margin, and 
extrapolation using Late Cretaceous spreading rates for the South Pacific suggests that 
continental break-up and onset of seafloor spreading may have occurred 2-6 my earlier, 
at about 81-85 Ma (Cook et al., 1999). 

Subsidence analysis in the Great South Basin suggests the possibility of asymmetric 
extension by simple-shear and/or dynamic support of topography during rifting, each of 
which has implications for the regional picture of extension and continental break-up. 
The post-rift thermal subsidence recorded by the Great South Basin stratigraphy is 
greater than that expected for the amount of syn-rift subsidence recorded, if pure shear 
extension is assumed (e.g., McKenzie, 1978). Furthermore, the locus of post-rift 
subsidence is displaced from that of the syn-rift subsidence, suggesting possible simple- 
shear detachment faulting during extension (Cook et al., 1999). Syn-rift subsidence may 
be underestimated due to several factors. Surnrning of fault heaves typically 
underestimates total extension, and there are poor constraints on pre-rift and present day 
crust thickness. Addition of igneous material to the crust during rifting (e.g. McKenzie 
and Bickle, 1988) would provide bouyancy from advected heat during rifting and lead to 
thicker post-rift ernst. Finally, the non-marine facies of the syn-rift fill (Hoiho Group) 
and clearly emergent rift horsts mean that syn-rift extension may not be fully recorded in 
the stratigraphy (Cook et al., 1999). Subsidence curves for the post-rift phase do not 
have an exponential form, but show an accelerated phase of subsidence at 60-45 Ma 
with no coeval deformation (Cook et al., 1999). Dynamic topography of 400-800 m 
supported by mantle circulation beneath, active during rifting and enduring through to 
6 0 4 5  Ma, has been suggested as one possible cause for the record of apparent low syn- 
rift extension and increased Paleocene-Eocene post-rift subsidence (Cook et al., 1999). 
It should be noted that the presence of dynamic topography during rifting implies 
elevated mantle temperatures and the increased likelihood of adiabatic melting with 
lesser degrees of extension (McKenzie and Bickle, 1988). Elsewhere, the role of spatial 
strain partitioning in the upper and lower crust during rifting has been invoked to 
explain similar anomalously high post-rift subsidence phenomena (Driscoll and Karner, 
1997). 

Granitic basement samples from wells in the Great South Basin, coupled with offshore 
magnetic anomaly data, roughly define the NW-SE trends of the Median Batholith and 
other terranes of the bounding Western and Eastern provinces offshore across the 
Campbell Plateau. 

There is evidence of widespread magmatism in the Campbell Plateau region, not only 
during but also subsequent to rifting and continental break-up. The evidence for syn-rift 
volcanism offshore is sparse, coming mainly from seisrnic facies characteristics of the 
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deeply buried syn-rift section in Great South Basin. Onshore, bimodal intraplate 
volcanism of mid-Cretaceous age is associated with rifting in Otago and Canterbury. 
Examples of Cenozoic intraplate volcanism are widespread across the region, onshore 
and offshore, but tend to occur in clusters. Offshore, they are identified in seismic 
sections, sometimes with sea floor expression. Their ages may be bracketed using 
seismic stratigraphy, while some also show clear spatial associations with exposed 
vo1canic centres such as Auckland Islands for the Oligocene to Middle Miocene 
(Gamble et al., 1986) and the Dunedin volcano for the Miocene. Three phases of 
igneous activity occurred: Late Eocene - Oligocene, Miocene, and Late Miocene - 
Quaternary. In addition, complex reflectors on the Western flank of Pukaki Rise, 
coinciding with positive magnetic anomalies, suggest a major Cenozoic intrusion. 
Dredges have recovered fresh olivine basalts from there (Summerhayes, 1969; Davey, 
1977). 

3.4 Geophysical Data 

Seismic surveys by Lamont Geological Observatory aboard USNS Eltanin (1965-1973; 
summarised by Davey, 1977) and oil companies (e.g., Mobil International Oil Company, 
1972; Hunt International Petroleum, 1973) (Fig. 3.4) identified Cretaceous age 
sedimentary basins within the Campbell Plateau that are not readily apparent from 
bathymetry, notably Great South Basin, and the lesser explored Pukaki and Campbell 
basins. 

Fig. 3.4 Seisrnic reflection survey tracks for surveys by Hunt Petroleum and Mobil Oil 
Cornpany. 
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Magnetic data collected by the above surveys and by occasional research surveys have 
defined much of the magnetic pattern of the Campbell Plateau and Chatham Rise region 
(Fig. 3.3). The Stokes Magnetic Anomaly System (SMAS) onshore (Hunt, 1978) is a 
Zone of high amplitude positive magnetic anomalies associated with basement rocks 
located between the Median Batholith and the Matai Terrane. The short wavelength 
northern anomaly of this Set, the Junction Magnetic Anomaly, which can be traced the 
length of New Zealand, is coincident with the Permian Dun Mountain Ophiolite Belt in 
the southeast of the South Island. The SMAS can be traced offshore to the Great South 
Basin (Davey and Christoffel, 1978; Davy, 1993; Cook et al., 1999), but becomes 
indistinct near 48.3' S, 173.0Â E. 

Davy (1993) interpreted the Bounty Trough as a pre-existing, Perrnian-aged oceanic 
crustal basin based on the identification of symmetric magnetic anomalies, including the 
onshore extension of the Stokes.Magnetic Anomaly System which is coincident with the 
Perrnian Dun Mountain Ophiolite Belt. The correspondence of many of the magnetic 
anomalies in the Bounty Trough with positive gravity anomaly structures, as evident in 
the satellite-altimetry derived data set (Sandwell and Smith, 1997), indicates, however, 
that the magnetic anomaly pattern in the Bounty Trough is not a remnant magnetisation 
pattern associated with field reversals. 

A prominent feature of the magnetic map of the Campbell Plateau is a Zone of high 
amplitude positive anomalies trending northeast across the central Part of the Campbell 
Plateau. Davey and Christofel (1978) named this system the Campbell Magnetic 
Anomaly System (CMAS). A comparison of the magnetic highs with gravity highs from 
the satellite-altimetry derived data Set (Sandwell and Smith, 1997) shows a good 
geographic correlation, suggesting that the high amplitude is partly due to the presence 
of shallow basement horst structures. The lineations in the gravity data parallel the 
southeast margin of the Campbell Plateau suggest a rifted block origin for the highs 
sourced in tension during the Cretaceous extensional episode. Davey and Christoffel 
(1978) suggested the CMAS was a faulted offset of the SMAS. Sutherland (1999) has 
reforrnulated this suggestion, identifying the positive magnetic anomalies of both the 
SMAS and the CMAS with the New England Fold Belt (Australia) and Median 
Batholith (New Zealand) Zone which he further extends into Marie Byrd Land (West 
Antarctica) in agreement with Bradshaw (1997). In this identification, Sutherland (1999) 
narrowed the width of the Median Batholith Zone within New Zealand and dextrally 
offset the zones by 400 km similar to the 330 km offset on the Campbell Fault suggested 
by Davey and Christoffel (1978). The detailed pattern of magnetic anomalies and 
correlated gravity anomalies however makes a simple faulted transition appear unlikely. 

The Smith and Sandwell (1997) satellite-altimetry derived gravity data provide a 
comprehensive picture of the crustal structure across the Campbell Plateau, Bounty 
Trough and Chatham Rise region (Fig. 3.5). Particularly evident in this data set within 
the Campbell Plateau are crustal block offsets and fault-block alignments, which can be 
related to the Cretaceous extension. Offsets between the Bollons Seamount and the 
Bounty Platform as well as between the central and southem Campbell Plateau 
Segments can be interpreted and generally joined to major fracture zones in the ocean 
crust further south suggesting a causal link. The Chatham Rise and Bounty Platform 
show strong east-west fabric interpreted as being inherited from the north Chatham Rise 
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convergent margin orientation. The linear gravity lows on the Chatham Rise have been 
correlated with graben structures interpreted as forming at least partly during Cretaceous 
extension (Wood and Herzer, 1993). Similarly, horst and graben structures within the 
central Campbell Plateau are the likely explanation for the north-eastern gravity grain 
observed in this region with the grabens oriented at right angles to the direction of 
extension. Further south, this grain swings east-west and then south-east south of 
Campbell Island. The reasons for this pattern are less obvious and may be more related 
to the nature of the basement terranes than Cretaceous deformation. 

1 60-E 165"E 170Â° 175-E 1 80Â 175OW 

Fig. 3.5 Satellite-derived gravity map (from Sandwell and Smith, 1997). Dashed lines indicate 
interpreted faults between crustal blocks. Arrows highlight gravity anomaly fabric 
generally correlated with horst and graben structures. 
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4. Scientific objectives of CAMP 
(K. Gohl, G. Uenzelmann-Neben, R. Wemer) 

The relation between magmatic events and tectonic and structural evolution of the 
Campbell Plateau is one of the significant remaining questions in the framework of 
reconstmcting the evolution of Zealandia and the southwestem Pacific region. The 
major objectives and questions to be addressed in the project CAMP and cruise SO-169 
include: 

(1) Structure and evolution of crustal segments of the Carnpbell Plateau: Gravity and 
magnetic data indicate a partitioning of the plateau in several crustal Segments with 
varying crustal thickness. In particular, the westward extension of the Bounty Trough 
toward the Great South Basin shows a gravity signal that might be indicative for oceanic 
crustal affinity. Did extensionlrifting reach a stage in which oceanic crust was formed? 
What are the crustal thickness and the composition of the crust-mantle boundary across 
the plateau? The Stokes and Campbell Magnetic Anomaly Systems are clearly defined 
and suggest the existence of magmatic crustal provinces. What are the volume, source 
and timing of this magmatism? 

(2) Break-up process of Carnpbell Plateau from Marie Byrd Land: The tirning of the 
break-up between Campbell Plateau and Marie Byrd Land at around 84 Ma is relatively 
well documented by magnetic lineations identified off the plateau margin. The process 
that led to break-up, however, has not been understood. Why is the slope anomalously 
steep (fast break-up? erosion?)? What was the role of magmatism during break-up? 
How far did extension evolve before oceanic crust developed? 1s a submarine plateau 
margin different from a passive continental margin? 

(3)  Volcanism of Campbell Plateau: Volcanism on the Campbell Plateau, Chatham Rise 
and Bounty Trough has continued over the last 100 million years. Its widespread and 
long-lived nature is enigmatic. The origin of Cenozoic intraplate magmatism should be 
evaluated based On age and geochemical data of magmatic rocks from On the Chatham 
Rise and Campbell Plateau. We will attempt to determine if it originales from upwelling 
of shallow asthenosphere or from a swarm of weak, episodic plumes beneath New 
Zealand. In addition, the Cenozoic volcanism will be used to evaluate the hypothesis 
that a fossil plume head is located beneath the New Zealandic microcontinent. In this 
context major questions are: Do the Cenozoic intraplate volcanic rocks have a similar 
composition (or component) as the rocks from the Hikurangi Large Igneous Province 
(sampled on the SO-168 cruise) or as Cenozoic volcanic rocks in Marie Byrd Land and 
Northem Victoria (Antarctica), which are believed to be derived from lithospheric 
sources and thus a fossil plume head? 1s this component located in the lithosphere? Such 
data can provide important constraints on the presence of a fossil plume head beneath 
the New Zealand continent, supporting a role for a plume head in the separation of New 
Zealand from Antarctica. 
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5. Cruise itinerary 
(K. Gohl) 

Date 

2003 
17.01. 

Approx 
Board 
Time 
09:OO 

Activities; Work Program 

Lyttelton harbour; 
loading, unpacking and installation of 
equipment; 
departure from Lyttelton; 
transfer towards first OBS profile; 
installation of equipment; 
test deployment of streamer, extra streamer 
sections were added; 
test deployment of Bolt and PS-100 airguns; 
Bolt airgun did not fire (losing air); 
PS-100 worked fine, shooting for 15 min; 
seismic test recording went well; 
begin magnetic profiling across Campbell 
Magnetic Anomaly System (CMAS); 
begin deployment of 30 OBSIOBH along 
Profile 20030001 from SE to NW (13 km 
spacing, skipping station no. 9); 
;nd deployment of OBSIOBH; 
magnetometer/bathymetric profiles along slope 
rsuspected volcanic fie1ds);no outcrops found; 
ieployment streamer and PS-100 & Bolt 
Airgun; 
Bolt does not fire; continue firing with PS-100 
it 60 s; reflection recording; 
PS-100 fails firing over 65 bar; major crack in 
;entre body is the cause; non reparable; 
;ontinue assembly of 20 VLF airgun array (10 
~ o r t ,  10 starboard); 
ieployment of VLF airgun array; port side 
went well; start firing at 60 s; 
itarboard side got tangled with streamer; 
iifficult recovery of starboard airguns; 
;top firing of port array, recovery of streamer 
rccause high waves do not allow towing 
letween the arrays; 
.e-deployment of starboard array; start firing of 
ill20 airguns at OBS station 28 along Profile 
?OO3OOOl; 
:ontinuine seismics of Profile 20030001: 

Weather 

fine 

fine 

fine 

fine 

fine 

higher swell 

strong 
winds, high 
swell 
lower swell 

fine 

strong winds 

strong 
winds, 
high waves 

wind eases 

good 
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DVS failed occasionally; reading DGPS fror 
Simrad interface and recording On notebook; 
end of VLF array firing of Profile 20030001: 
successful test of 6 G-Guns (45 1) for 1 hour 
Start recovering OBSJOBH from S to N; 
HH-OBS (st. 6) no releaser response; 
HH-OBS (st. 12) no releaser response; 
AWI-OBH (st. 15) no releaser response; 

HH-OBS (st. 24) no releaser response; 
HH-OBS (st. 27) no releaser response; 
return to missing OBS along profile; 
HH-OBS (st. 27) no releaser response; 
HH-OBS (st. 24) no releaser response; 
HH-OBS (st. 16) no releaser response; 
HH-OBS (st. 12) no releaser response; 
HH-OBS (st. 6) no releaser response; 
cancellation of dredging program on Pukaki 
Rise due to severe weather; 
begin transect to southern end of planned 
profile across SE margin; 
change Course to NNE towards Bounty 
Trough, abandoning of OBS profile 2 due to 
expected storm; 
CTD station with transponder test down to 
1700 m; test went well; 

begin deployment of OBS (Profile 200300l 
from N to S; 

end of OBS deployment; 
begin shooting OBS profile 20030002 with ( 

G-Guns and streamer from S to N; 
continue shooting profile 20030002; 
in between airgun recovery (2x) for minor 
repairs; 
end shooting profile 20030002; 
recovering airguns, streamer and magnet.; 
begin recovery OBS; airgun maintenance; 
continue recovering OBS; airgun maintenan 

end OBS recovery; transit to dredge positior 
begin dredging southern Bounty Platforrn; 

condition; 
med. swell 
good 
condition; 
medium 
swell 
med. swell; 
rougher seas 
later 
rough seas; 
high swell 

rough seas; 
high swell 

development 
of severe 
storm 
medium 
swell and 
lower waves 
medium 
swell, low 
waves 
fine 

fine, higher 
swell 

fine, low 
swell 

fine, med. 
swell 
medium 
swell, 
getting 
rougher 
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cont. dredging 

end dredging southem Bounty Platform; 
transit south to next seismic line across plateau 
margin; 
retum and transit to Bounty Trough; 
cancellation of seismic & dredge program 
southem CP due predicted weather pattem; 
begin seismics Profile 2003001 1; 

end seismics Profile 2003001 1 ; 
transit to dredge sites S Bounty Trough; 
begin dredging S Bounty Trough; 

~ n d  dredging; 
begin seismics Profile 20030012 across eastem 
CPIBounty Graben lineation; 
;nd seismics Profile 20030012; 
transfer to Dunedin: 
oick-up of new releaser board unit from pilot 
at ~ u n e d i n ;  
ife-boat drill; 
3egin recovery attempt of remaining OBS 
Å¸on Profile 20030001; 
2nd recovery attempt OBS; none of the 
-emaining OBS 
"ecovered; 
3egin dredging Pukaki Rise; 
osing dredge due to A-frame control failure; 
emporary end of dredging due to winch 
~roblem; 
iirnrad surveying of Pukaki Bank; 
Tegin reflection seismics Profile 20030013 
along OBS-Profile 20030001); 
:ontinuing seismics; 

;nd seisrnics Profile 20030013; 
ransit to Pukaki Bank; 
legin dredging Pukaki Bank; 
iredging on Pukaki Bank; losing dredge; 
,urveying for dredge sites On central plateau; 
umeying for dredge sites On western-central 
:P and between Otago and Banks Peninsulas; 

medium 
swell, 
high waves 

rough swell 

medium 
swell, 
fine 
fine, low 
swell 
fine, low 
swell 
fine, low 
swell 

medium 
swell 
fine 

low to 
medium 
swell, 
becoming 
rougher 

medium- 
high swell 
medium 
swell 
medium- 
high swell 

medium 
well  
medium 
swell; 
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We 

Th 

Fr 

Sa 

6. Navigation and Data Distribution System (DVS) 

Su 

Mo 

Accurate navigation coordinates are essential for geophysical surveying and geological 
sampling. RV Sonne is equipped with an ASHTEC differential Global Positioning 
System (D-GPS) with an accuracy of about 10 m. The navigation data were made 
available to the scientific groups through the ship's Data Distribution System (DVS) and 
downloaded in regular intervals as 1-minute- or 1-second-files onto the "wiss-data" 
directory which could be accessed on every on-board networked Computer. Due to 
temporary failures of the Interface-Processor (E?) for the DVS, the navigation files 
contain a number of data gaps, ranging from a few minutes to a few hours in one case. 
Beginning during the first IFP failure, we arranged for an DVS-independent recording of 
D-GPS coordinates during seismic profiling through an D-GPS interface connection to a 
PC notebook in the Geolabor. 

19.02. 

20.02. 

21.02. 

22.02. 

7. Swath bathymetry (SIMRAD) 

23.02. 

24.02. 

(R. Werner) 

10:OO 

7.1 Method and instrument 

08:OO 

Since June 2001, RV Sonne is equipped with the SIMRADm EM-120 multi-beam echo- 
sounder by Kongsberg for a continuous mapping of the seafloor. This system substitutes 
the former multi-beam echo-sounder HYDROSWEEPm. The SIMRADm echo-sounder 
system consists of several units. A transmit and a receive transducer array is fixed in a 
mills Cross below the keel of the vessel. A preamplifier unit contains the preamplifiers 
for the received signals. The transceiver unit contains the transmitter and receiver 
electronics and processors for beam-forming and control of all Parameters with respect 
to gain, ping rate and transmit angles. It has serial interfaces for vessel motion Sensors, 

no sites found; 
surveying for dredge sites On northwestern CP 
and W Chatham Rise; no sites found; 

begin transit to Devonport with bathymetric 
survey track; 
continuing transit to Devonport with 
bathymetric survey track; 

continuing transit to Devonport; 

becoming 
rough; high 
swell 
medium- 
high swell; 
high to 
medium- 
high swell 
medium to 
low swell 

arrival at Devonport harbour; 
packing and unloading of equipment; 
Devonport harbour: packing and unloading of 
equipment; 

fine 
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such as roll, pitch and heave, extemal clock and vessel position. Furthennore the system 
contains a SUN-workstation as an operator station. The operator station processes the 
collected data, applying all corrections, displays the results and logs the data to intemal 
or extemal disks. The EM-120 system has an interface to a sound speed Sensor. 

SIMRADm EM-120 uses a frequency of about 12 kHz with a whole angular coverage 
sector of up to 150' (75' per port-Istarboard side). If one ping is sent the receiving signal 
is formed into 191 beams by the transducer unit through the hydrophones in the receiver 
unit. The beam spacing can be defined in an equidistant or equiangular distance, or in a 
mix of both of them. The ping-rate depends on the water depth and the runtime of the 
signal through the water column. The variation of angular coverage sector and beam 
pointing angles was set automatically. This optimized the number of usable beams. 

During the survey the transmit fan is split into individual sectors with independent 
active steering according to vessel roll, pitch and yaw. This forces all soundings on a 
line perpendicular to the survey line and enables a continuous sampling with a complete 
coverage. Pitch and roll movements within Â±I degrees are automatically compensated 
by the software. Thus, the SIMRADm system can map the seafloor with a swath width 
about up to six times the water depth. The geometric resolution depends on the water 
depth and the used angular coverage sector and is less than 10 m at depths of 2000 - 
3000 m. 

7.2 Velocity calibration with CTD 

The accuracy of the depth data obtained from the SIMRADm system is usually critically 
dependent upon weather conditions and the use of a correct sound speed profile. During 
SO-169, sound profiles have been recorded at two separate stations. 

7.3 Processing and results 

The collected data were processed onboard with the coverage software of the 
SIMRADm EM-120. The post-processing was done on two other workstations by the 
accessory software Neptunem and Cfloorm (Roxa, Smedvig Tech., Oslo). The Neptune 
software converted the raw data in nine different files which contains informations 
about position, Status, depth, sound velocity and other parameters and are stored in a 
SIMRADm own binary forrnat. 

The data cleaning procedure was accomplished by the Neptunem software. The first 
step was to assign the correct navigational positions to the data without map projections. 
The second step was the depth corrections, for which a depth threshold was defined to 
eliminate erratic data points. In the third part of post-processing statistical corrections 
were applied. Therefore, a multitude of statistical functions are available in a so called 
BinStat window where the data are treated by calculating grid cells with an operator- 
choosen range in X and y direction. Each type of treatment is stored as rule and has an 
undo option. For the calculation the three outermost beams (1-3 and 188-191) were not 
considered. Also a noise factor, filtering and a standard deviation were applied to the 
calculated grid. All this work was done by the system operators of RV "Sonne". After 
the post-processing the data could be exported in an ASCH x,y,z-file forrnat with header 
information and it was transferred to another workstation where assembling, gridding 
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and contouring with the GMT software (Wessel and Smith, 1995) took place (see 
figures in Chapter 12 "Rock sampling"). 

8. Sediment echosounding (PARASOUND) 
(B. Hell, C.-D. Hillenbrand) 

8.1 Method and instrument 

All Parameters and settings mentioned below refer to the settings used on SO-169. 
However, the PARASOUND system allows different settings, too. 

The PARASOUND system is a sediment echo-sounder using the so-called parametric 
effect to generate a narrow profiling beam with relatively low frequencies. With two 
high frequency signals emitted simultaneously (here 18 kHz and 22 kHz), a third signal 
at the difference frequency (e.g. 4 kHz) is generated in the water column. This signal is 
generated within the emission cone of the high frequency waves, which has an aperture 
angle of only 4'. Thus a signal of relatively low frequency can be emitted within a 
nan-ow aperture by use of a relatively small transducer antenna (area approx. 1 m2). This 
significantly improves the resolution of the system. An aperture of 4' corresponds to a 
footprint of about 7% of the water depth on the ocean floor. 

The PARASOUND system consists of the PARASOUND cabinet, containing the 
analogue electronics for signal generation and registration, a data acquisition unit 
digitizing the records, and the ParaDigMa system for data recording running on a PC. 

Because the two way travel time through the water column too long compared to the 
266 ms length of the reception window, a signal is sent out every 400 ms until the first 
echo is received. Hence, coverage is dependent on the water depth and shot spacing is 
non-equidistant. Only every second reflected signal can be digitized and stored, which 
results in recording intervals of 800 ms. The data is stored on removable hard disks in a 
modified SEG-Y format and was backed-up on DAT (UNIX format in readiness for 
further processing in FOCUS) or CDROM. Furthermore both online profiles and 
navigation tables were plotted continuously while ParaDigMa was running. 

The PARASOUND system is permanently installed on "Sonne". On this cruise it run 
continuously during seismic profiling, bathymetry surveys and major transit sections. 

During the cruise, the system worked satisfactorily; only minor printing problems 
occurred. Because of some problems with the ship's DVS system, navigation 
inforrnation is missing in the data headers during certain short time windows. 

8.2 Processing and results 

Overview of all PARASOUND recording times: 

Date 
18.01.03 

Time (UTC) 
05:49 
21:30 - 22:30 

Line 1 Survey 
begin of survey 

Remarks 

CTD station 
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22.01.03 00:OO 1 ParaDigMa System reset 1 

03.02.03 22:25 1 begin of survey 
0402.03 1 11:OO - 15:15 1 1 dredge stations #1, #2 

23.01.03 

l21:55 1 end of survey 1 approaching AWI20030012 
10.02.03 00:34 1 begin of line AWI20030012 1 

06:40 - 06:51 
09:09 
19:32 
23:45 
18:OO - 22:15 

19:OO 1 end of survey 1 PARASOUND system off 
15.02.03 17:40  1 begin of survey 

13.02.03 

end of survey 
begin of line AWI20030002 

paraDigMa System down 
PARASOUND system off 

ParaDigMa System reboot 
DVS not running 

04:27 
09:45 
18:OO - 18:05 
18:34 - 18:39 

end of survey 
begin of survey 

dredge station #12 

ParaDigMa System off 
ParaDigMa System not 
working 
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Qualitative description of the data 

16.02.03 

On the various profiles over Campbell Plateau and Bounty Trough, the ocean floor 
PARASOUND data could be separated into two main Parts: Sediment covered regions 
(turbidites and contourites) and regions dominated by tectonic structures (Figs. 8.1-8.3). 

Especially in areas covered by turbidites and contourites, the data quality is excellent, 
showing layering in a high resolution and with good penetration, often up to 100 m (in 
some cases even reflectors in a depth of 150 m are visible in the raw data already). Often 
sea floor features a strong influence of bottom currents (e.g. dipping sediment waves; 
See Fig. 8.1 for an example of sediment waves covered by recent turbidites/contourites 
above an erosional unconformity). A number of channel and channel-levee Systems was 
also mapped. Channel slopes often were too steep to be mapped satisfactorily because 
most of the backscattered signals of slopes with angles of more than about 5O do not fall 
in the range of the receiver antenna. 

A section of a PARASOUND profile across the NW flank of the Campbell Plateau (at 
the transition to the Bounty Trough) shows undulating reflectors with low amplitudes, 
which are separated by a prominent unconformity from overlying parallel to wavy 
reflectors with high amplitudes (Fig. 8.1). The lower undulating reflectors probably 
represent sediment waves or folded sediment beds, respectively. The flat-lying to wavy 
sediments on top locally fill the palaeo-relief formed by the unconformity suggesting 
that they represent coarser grained turbidites or contourites. 

ParaDigMa System not 
working 

01:20 - 01:40 

The section of a profile crossing the Western Bounty Trough (along seismic profile 
AWI-20030002) depicts the Bounty Channel with its southem and northern levees, 
which are built up by reflectors with high amplitudes (Fig. 8.2). The reflectors represent 
sandy to silty sediment layers deposited by turbidity currents, which travelled down the 
channel and episodically spilled over the channel banks. The northem levee is about 
90 m higher than its southern Counterpart. This assymmetric shape is also observed on 
the distal Bounty Fan (located at the channel mouth) and attributed to the anti-clockwise 
deflection of the suspended sediment load by the Coriolis force. 

A profile crossing the central Bounty Trough (along seismic profile AWI-20030011) 
shows sediment waves located on the distal northem bank of Bounty Channel (Fig. 8.3). 
The sediment waves shape the modern seafloor surface and migrate into a northerly 
direction. Their high-amplitude reflectors overly elder sediment waves or folded 
sediment beds truncated by an unconformity (cf. Fig. 8.1). In previous publications 
similar sediment waves were reported from the northem bank of Bounty Channel on the 
Bounty Fan, where they were interpreted to result from deposition of turbidites. In the 
PARASOUND section presented here the sediment waves obviously migrate away from 
the channel axis. This geometry rather may point to a contourite related origin, because 
sediment waves associated with turbidites originale from anti-dunes, which are formed 

end of survey 
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by the overspill of sediment particles transported by high-energetic turbidity currents, 
and therefore migrate towards the channel. 

47'53.69's 
173'05 90 E 

ri8'01.70'S 
Distonco / ~m 173W5.35'E 

Fig. 8.1 Section of a PARASOUND profile across the NW flank of the Campbell Plateau (at the 
transition to the Bounty Trough). 

3500 
0 I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

46-34 27 S 
1 7 7 ' - 3 W E  Dslonce !Km 

4524 14"s 
177'30 OO'E 

Fig. 8.2 Section of a PARASOUND profile crossing the Western Bounty Trough (along seismic 
profile AWI-20030002). 
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Fig. 8.3 Section of a PARASOUND profile crossing the central Bounty Trough (along seismic 
profile AWI-20030011). 

9. Gravimetry 
(B. Davy, D. Barker, T. Deen) 

Cruise SO-169 collected gravity readings at a 1 second sampling interval between 23:15 
On 18 January and 11:29 On 21 Febmary 2003 UTC. 

9.1 Method and instrument 

The LaCoste and Romberg S-80 marine gravity-meter (Fig. 9.1) of the Royal New 
Zealand Navy has been operated for the last 25 years by personnel from the Institute of 
Geological and Nuclear Science. Geophysicists and Geodesists have demanded high 
levels of accuracy from gravity Sensors to detect extremely small changes in the earth's 
gravity field. To measure changes in the earths gravity field the system uses a highly 
damped, Zero length spring type gravity sensor mounted on a stabilised platfonn 
together with control electronics and data Iogging units. The meter is located near the 
pitch and roll axis of the ship to minimize sea motion and its effects on the 
measurements. During SO-169, the gravity-meter was housed in the gravity-meter room 
(Fig. 9.1) of RV "Sonne". 

The sensor is the unit mounted On the gyro stabilised platform and is the only remaining 
Part of the original system, after its upgrade in 2001. The sensor's function is to detect 
changes in gravity using a weighted beam, one end of which is free to pivot about a 
horizontal axis, while the other end is supported by a Zero length spring. A micrometer 
screw adjusts the upper end of this spring in order to balance the pul1 of gravity on the 
beam. The movement of the beam is highly damped to limit its motion in a seaway. The 
sensor is mounted in a stabilised platform, which is controlled by two Servo or torque 
motors to maintain stabilised platform vertical. The torque motors produce rotations 
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about two horizontal axes perpendicular to each other. Each torque motor controls one 
axis in response to control signals from its corresponding gyro. This is done via a 
feedback loop system where the torque motor tilts the axis to try and null the gyro 
output. A gyro with a null output corresponds to a gyro axis that is stable in space. A 
second feedback loop containing an output from the accelerometer is used to process the 
gyro to ensure the stable axis of the gyro is level. This is necessary, as gyros tend to 
remain fixed in space despite the earth rotation whereas a null accelerometer output 
always corresponds to a locally level plane. When both axes are level the platform will 
be level, it will follow sea motions, and it will maintain level even as the earth rotates. 

Fig. 9.1 Marine gravity-meter S-80 and its location on Sonne. 

The digital recording system on the La Coste and Romberg S-80 marine gravimeter is 
PC based. The variables are recorded to hard disk at 1 second intervals and exported in 
the same format at 1 minute intervals via the serial line for backup recording on another 
PC. The analogue gravity, spring tension, total correction, cross coupling, cross 
acceleration, and long acceleration are displayed graphically on a colour dot-matrix 
printer. The chart is annotated evesy 15 minutes with time, date, line-id and gravity. 

Three components can be directly measured by the gravity Sensor and are then used to 
compute gravity: 

i.e.gravity=S.T. + kB' + CC 

(1) ( 2 )  (3) 

1) S.T.: Spring Tension is detennined by the beam nuller, which contains circuitry 
to sense both the amount and direction the beam is deviated from its null position. 
The stepper motor adjusts the spring tension so the average position of the beam is 
nulled. This correction is Part of a slow acting feedback loop, which outputs via 
movement of the stepper motor. 
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2) kB' is a constant 'k' multiplied by the average rate of change of the beam output 
voltage (measured by the beam CPI circuit). 'k' is a function of the beam motion 
sensitivity and damping. The 'k' factor is needed as a gain control to ensure the 
voltage from the beam output circuit accurately follows changes in gravity. 

G = S.T. + kB' + CC 

During the k check procedure described in the manual a change is made to S.T. 
after the S.T. motor has been turned off. The beam acquires a steady velocity B' and 
the CPI circuit creates an output. This output should compensate for the change 
made to S.T. i.e. g should remain constant as the Total Correction contribution 
from the steadily moving beam should equal the change made to the ST. The value 
of k has been factory set by Lacoste and Romberg to meet the above balance and is 
unique for each gravity meter. 

3) CC: Cross Coupling. These small corrections arise at sea from the interaction of 
horizontal accelerations acting on the sensor and the position of the beam. This 
interaction will register as a vertical acceleration acting on the beam if it does not 
time average to Zero over the sensor filter period, and will give a false indication of 
gravity. The effects of any vertical acceleration acting on the beam apart from 
gravity must be removed. There are five distinct components of CC i.e. VCC, AL, 
AX, VE, and AX2, and each can be determined by measuring and combining 
outputs from the two accelerometers and the beam output circuit. 

The channels recorded to disk and displayed On screen are 

B 
cc 
TC 
vcc 
AL 
AX 
VE 
X" 
Y" 
AX2 

averaged beam position 
total cross coupling (sum of VCC, AL, AX, VE, AX2) 
total correction (sum of kB' and CC). 
inherent cross coupling 
longitudinal correction. 
cross correction. 
vertical correction. 
average cross acceleration. 
average long acceleration. 
second order cross coupling correction. 

The ratios of the above monitors to the cross-coupling contribution has been established 
at La Coste and Romberg and programmed into the data logging. Subsequent 
independent analysis has shown no significant improvement from attempting to 
recalculate their contribution. 

9.2 Base tie 

A gravity base tie is required to link the dial values recorded by the gravimeter on 
survey to gravity in terms of the N.Z. Potsdam system (1959). This is done prior to and 
following a survey when the ship is alongside a wharf. The gravimeter value is recorded 
(ship base) and linked to an absolute System of gravity values established on the wharf 
(land base). The land base is established using a portable land gravimeter by 
determining differences in gravity between an existing gravity station and the wharf land 
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base. This tie involves the repeat occupation of both the permanent land base station and 
the wharf base station alternately over at least 3 cycles and the determination of the 
correct gravity reading at each site by allowing for any drift in the measurements. Once 
the ship is on survey, gravity in terms of the N.Z. Potsdam System (1959) can be 
computed using the difference from the land base station value and recorded values 
multiplied by the fixed calibration factor of the meter. A base tie is also done to 
compare readings at the beginning and end of the survey to determine if any drift in the 
meter has occurred. 

The harbour base station correction is undertaken in two Parts: 

a)  Corrections to land base 

The land base is established on land as close as practical to the marine gravimeter. This 
is on the wharf deck alongside the ship directly above the marine gravimeter. A free air 
correction must now be applied to adjust the land base value to what it would have been 
had the observation been done at mean sea level (m.s.1.). A Bouguer correction must 
also be applied for the effect the slab of water (excess or missing) between water level 
(w.1.) and m.s.1. The thickness of the slab depends On the tidal height at the time the land 
base was established. After these corrections have been applied a gravity land base 
station at m.s.1. with water level at m.s.1. is established. For the SO-169 survey, the tidal 
height at 17 January 2003 02:47 UTC was 0.76 m above m.s.1. which, when subtracted 
from the existing nearby base station reading (Rose, 1992), yielded a gravity value at 
m.s.1. of g = 980.54139 gals. 

b)  Corrections to ship base 

It is necessary to correct the ship base to what it would have been had the observation 
been done when water level was at m.s.1. This is because the ship and also the marine 
gravimeter move up or down with the rise and fall of the tide. Free-air and Bouguer 
corrections have to be applied to the ship base, in the same manner as for the land base, 
to compensate for height of water level above/below m.s.1. After these corrections have 
been applied, a ship base station with water level at m.s.1. is established. The Lyttleton 
Base reading was done on 17 Jan. 2003 03:24 UTC (Fig. 9.2). 

Fig. 9.2 Location of gravity base reading in Lyttelton. 
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(B. Davy, D. Barker, T. Deen) 

Cruise SO-169 collected magnetic readings at a 20 second sampling interval between 18 
January 2003 23:15 and 21 February 2003 11:05 (UTC). 

10.1 Method, instrument and operation 

The Geometrics G-801 proton free precession magnetometer has been owned and 
operated for the last 25 years by personnel from the Institute of Geological and Nuclear 
Science. The Sensor element consists of a solenoidally wound coil imrnersed in  a 
hydrocarbon rich fluid (kerosene). The coil and fluid are contained in a 70 cm high by 
25 cm diameter cylinder which is towed approximately 180 m from the cable drum, or 
150 m astern of RV "Sonne". When a polarising current is applied to the towed coil the 
proton spin axis of the hydrocarbon fluid is aligned with the coil axis. When the coil 
field is switched off, the proton spin axis decays back to parallel to the Earth's field. The 
measured precession frequency with which this decay occurs is directly proportional to 
the Earths magnetic field strength. The onboard electronics are designed to apply the 
polarising current at a fixed interval (e.g. every 20 seconds) and measure and output the 
resulting precession frequency and hence total field strength. The total magnetic field 
strength and recording time are logged and merged with the navigation during later data 
processing. Time synchronisation with the GPS clock is generally better than 
Â± seconds. 

The magnetometer fish and cable was launched and retrieved by hand and hand wound 
onto its Storage drum. The magnetometer was towed from the davit approximately 30 m 
from the starboard Stern of RV Sonne (Fig. 10.1). 

Sensor 
m 

Fig. 10.1 Marine magnetometer G-801 and its tow configuration. 
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The magnetometer operated without problem throughout the survey with the exception 
of a 10-hour period between 11:40 and 21:40 UTC on 21 January when the signal 
became erratic. The problem was traced to the production of the polarising current 
within the onboard electronics unit. Removal, cleaning and reseating of all the cards in 
the onboard electronics eventually prevented re-occurrence of the problem. Otherwise 
the magnetometer was generally operated, when sea conditions enabled its deployment, 
on all survey lines and transit lines greater than about 80 km in length. The following 
table shows the recording times of the magnetometer: 

1 ~ t a r t  1 Start 1 End 1 End 

10.2 Processing and results 

The magnetic anomaly values were calculated by subtracting the I G W  reference field 
(International Association of Geomagnetism and Aeronomy, 1987) from the observed 
total field measurement. The magnetic field measurement was shifted to allow for the 
150 m tow distance behind RV "Sonne". 

The data forrnat of the final processed/edited ASCII gravity files are: 

200303421 58062-4750575 17751476 587340 -42 0 0 0 145 0 0 

2003 year 
034 Julian day 
2 1 hour (UTC) 
5 8 minute (UTC) 
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06 second (UTC) 
2 flag for GPS navigation point used, 0 is interpolated 
-47.50575 latitude, 
177.5 1476 longitude 
587340 magnetic total field (nT) 
-42 magnetic anomaly relative to the IGRF field (nT) 
145 ship's Course, clockwise from north 

11. Seismics 

11.1 Methods 

The application of seismic methods was the primary operational objective of SO-169 in 
order to obtain inforrnation of the deep structure and the seisrnic velocity distribution of 
the ernst and the crust-mantle boundary of the Campbell Plateau. (a) We used a standard 
multi-channel reflection seismic technique to image the outline and reflectivity 
characteristics of the sedimentary layers and the structure of the sub-sedimentary 
basement and lower crust by recording the retuming near-vertical wavefield. (b) Seisrnic 
refraction and wide-angle reflection techniques were used to obtain the distribution of 
seismic P- and S-wave velocity fields from recordings of large-offset and deeply 
penetrating refracted and reflected waves using ocean-bottom seismographs (OBS) and 
land-seismographs. Figure 11.1 illustrates the principles of both techniques. 

Fig. 11.1 Principles of marine seismic reflection and refraction surveying. 

11.2 Seismic equipment 

11.2.1 Seismic sources, triggering and timing 

(G. Uenzelmann-Neben, K. Gohl, C. Kopsch, U. Baier) 

Several airgun source configurations were used, depending On target depths/distances 
and required resolution of the seismic data. 
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A single Russian-made sleeve airgun (type PS-100) of 60 litres volume was meant to be 
the primary, low frequency, seismic source for the OBS recordings. After operating this 
airgun for the first four hours of profile AWI-20030001, the working pressure under 
which the airgun was able to fire decreased gradually from 110 to 60 bars. After 
retrieval, we discovered a major crack in its central steel body. Such a damage is fatal 
for an airgun of this type, so that we had to abandon its operation for the remaining 
cruise. 

We continued shooting along profile AWI-20030001 with two strings of 10 Bolt-type 
VLF airguns each (Fig. 11.2). The subtotal volume starboard side was 26.2 litres, 
whereas the guns port side amounted to 25.6 litres subtotal volume, totalling to 52 litres 
(= 3240 in3) for the whole array. The VLF array spread out over 19.6 m and was towed 
30 m behind the vessel at 5 m depth. The airguns were fired once per minute at 110 bar, 
leading to an average shot interval of 150 m. 

AWI VLF airgun array of SO-169: 

total volurne: 51.8 liters 
air pressure: 110 bar 
depth of array: 7 m 
airgun type: PRAKLA-SEISMOS-VLF / 

2.0 2.3 2.0 2.3 2.5 

streamer 

2.3 2.3 2.3 2.3 2.5 

Center of array 

40 m '\ 
Fig. 11,2 Configuration of the AWI VLF-airgun array (adopted after airgun array configuration of 

BOR Hannover). 
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In order to generate energy of lower frequency for profiles AWI-20030002, AWI- 
20030012 and AWI-20030013, we replaced the VLF-airgun array with a G-GunTM array. 
G-GunsTM are energy sources belonging technically to the airgun family. They can be 
deployed and retrieved without being pressurised at all, making handling of the guns 
much easier and safer, and they are able to fire up to 200 bar pressure. The array we 
used consisted of two 8.3 litres (520 in3) G-GunsTM and one 6.1 litres (380 in3) G-GunTM 
on the starboard side, and three 8.3 litres (520 in3) G-GunsTM on the port side 
(Fig. 11.3), totalling to 48 litres (2980 in3) for the whole array. The array was towed 
20 m behind the vessel at 7 m depth. The G-GunsTM were fired once per rninute on OBS 
profile AWI-20030002 (-150 m shot interval) at 145 bar, and every 20 s on profiles 
AWI-20030012 and AWI-20030013 (-50 m shot interval) at 120 bar. 

AWI G-Gun array of SO-169: 

total volume 48 liters 
air pressure: 140 bar 
depth of array 7 m 
airgun type: SODERNSeismic Systems 

/ 
l I I 

8.3 8.3 8.3 Liters 

Streamer -11 
8.3 8 3 6.1 Liters 

Center of array 

22 rn '\ 
Fig. 11.3 Configuration of the AWI G-Gun array. 

Line AWI-20030011 was shot with two GI-GunsTM to better resolve the sedimentary 
layers within the Bounty Trough. A single GI-GunTM is made of two independent 
airguns within the Same body. The first airgun ("Generator") produces the primary 
pulse, while the second airgun ("Injector") is used to control the oscillation of the 
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bubble produced by the "Generator". We used the "Generator" with a volume of 
0.72 litres (45 in3) and fired the "Injector" (1.68 litres = 105 in3) with a delay of 33 ms. 
This lead to an almost bubble-free signal. The guns were towed 20 m behind the vessel 
in 3 m depth and fired every 10 s (-25 m shot interval). 

Seismic data acquisition requires a very precise timing system, because seismic sources 
and recordings systems must by synchronised. A combined electric trigger-clock system 
was in operation in order (1) to provide the firing signal for the electric airgun valves, 
(2) to provide the time-control of the seismic data recording and (3) to synchronise the 
internal clocks of the OBSIH systems. Due to the variable time difference in the NMEA 
format of the ship-provided clock and the DVS system, a separate Meinberg GPS clock 
was used with an antenna mounted on the upper deck. The clock provides UTC date and 
time minute and second pulses. 

An additional hydrophone was towed 180 m behind the stem in order to record the near 
far-field signals of the airgun shots. This inforrnation was used to adjust trigger times 
(delays) of individual airguns, or adjusting the GI mode of the GI-GunsTM, to achieve 
optimum signal tuning. 

In accordance with the Code of Conduct for Seismic Survey Operations issued by the 
New Zealand Departnzent of Conservation, the area in a radius of 3 km around the 
vessel was constantly monitored visually for possible marine mammal appearance 
before and during seismic profiling. No marine mammals were detected before and 
during the seismic operations. Airguns were fired with gradually increasing working 
pressure (ramping up) at the beginning of a profile and after shot interruptions. 

11.2.2 Ocean-bottom seismometer/hydrophone systems (OBSIOBH) 

(J. Grobys, B. Hell, D. Ilinsky, K. Gohl) 

Three different OBSIH systems were used during SO-169. 20 OBS were of GeoPro 
(Type SEDIS IH and IV), 6 OBH of AWI (Type GEOMAR), and 5 OBS of University 
of Hamburg (Type UniHH which is a modified GEOMAR-OBS). Deployment and 
recovery coordinates and times are listed in Appendices 3 and 4. 

A W /  ocean-bottom hydrophone systems (OBH) of the GEOMAR type 

The six OBH systems of AWI are of GEOMAR-type construction (Fig. 11.4). All 
components are mounted on a steel rack. Beneath a ring for deployment and retrieval 
purposes, the steel construction holds a floating body consisting of syntactic foam and a 
pressure chamber holding the power supply and seismic recording unit. The seismic 
hydrophone is an E-2PD Sensor made by OAS Inc. The acoustic/time release unit, made 
by MORSIOCEANO (type RT-661 CE), is mounted next to the recording pressure 
chamber. A ground weight of 45 kg as anchor is suspended 4 m below the release 
system. Communication with the release system is transmitted via a hydrophone 
mounted on top of the bouyancy body next to a flashlight, radio beacon, flag and a 
length of floating rope. The acoustic release communicates with an OCEANO 
Telecommand deck unit (model TT-300). 
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Fig. 11.4 AWI OBH-system of GEOMAR-type. 

The pressure chamber contains a 1-channel Marine Broadband Seismic Recorder (MBS) 
manufactured by SEND GmbH, powered by a rechargeable lead-acid battery (12V, 44 
Ah). The pre-amplified (SN21 preamplifier) analogue input signal is digitized by the 20- 
bit analogue-digital converter (ADC) of the MBS. The recording Parameters are set via 
the PC control program SENDCOM which also controls the time synchronisation of the 
intemal clock with the external GPS clock. During this survey, the sampling frequency 
was set to 250 Hz for the hydrophone channel, and data were stored on a 1 GB IBM- 
MicroDrive connected to the MBS via a PCMCIA socket. 

Univ. of Hamburg ocean-bottom seisinometers (OBS) of the UniHH type 

Five OBS Systems were provided by the University of Hamburg. Most of the 
components of the UniHH OBS (Fig. 11.5) are equivalent or similar to those of the 
GEOMAR-type OBH system described above. The most obvious difference is the GFK 
rack with two VITROVEX glass floatation spheres. This system uses the same 
recording unit, consisting of a power supply (2 rechargeable lead-acid batteries, 12 V, 
12 Ah), a preamplifier (SN21) for the hydrophone channel, and a 4-channel MBS 
seismic recorder. The release unit is basically the same, but it lacks a time release. A 
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piece of a 40 kg steel rail is mounted directly under the hook of the releaser as an anchor 
weight. 

Fig. 11.5 OBS-system of University of Hamburg. 

In addition to the hydrophone, the UniHH OBS is equipped with a three-component 
1 Hz geophone. The geophone is suspended within a gimbal mounting in a section of 
aluminium tube. This ensures good coupling between geophone and seafloor as well as 
a vertical position of the z-component. The geophone is connected to the rack by a rope 
that holds the geophone and its cable. Both the rope and the cable are long enough to 
ensure the geophone does not become coupled to the rack. All four channels are 
recorded by a MBS recorder equipped with two 1 GB IBM-MicroDrives, using the 
recording Parameters shown below. 

GeoPro ocean-bottom seismometers (OBS) of SEDZS type 

The operation of the 20 SEDIS OBS Systems was contracted to GeoPro GmbH 
(Gerrnany). The seismic recording unit SEDIS IV, constructed by GeoPro, is housed in a 
17 inch (430 mm) diameter glass sphere which also contains the power pack and 
electronic release (Fig. 11.6). External components consist of a transmitter connected 
with acoustic release, a recording hydrophone, an electro-thermal release unit, 
recovering elements (flags and antenna of the radio beacon) and rigid protection Covers 
for the glass spheres. During deployment and recording, the instrument is attached to a 
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17 kg iron weight, which anchors the OBS to the seabed. The total weight of the 
instrument without the anchor at deployment is 42 kg and the dirnensions of the OBS 
are 600 X 600 X 900 mm. 

Fig. 11.6 GeoPro OBS-system SEDIS. 

To locate the instmment after it has released frorn the anchor and risen to the surface, 
the following items are integrated and attached to the unit: a reflective flag for daylight 
observation, a halogen light for recovery at night and a radio beacon transmitting on a 
frequency received by a direction finder onboard the vessel. Power is supplied by a 
battery-pack consisting of 49 alkaline 1.5 V D-size batteries, two 9V block batteries and 
25V power supply consisting of rechargeable batteries. 

By using the acoustic release, the instrument could be ranged from the ship in order to 
obtain its location on the seabed and during OBS ascending. Depending on weather 
conditions, one or several instruments may be released simultaneously. The timer and 
the acoustic release Systems are connected to an electronic unit, which activates the burn 
wire and, 2 minutes later, the flashlight and, 10 minutes later, the radio transmitter. The 
burn wire connecting the anchor to the instmment corrodes rapidly after which the OBS 
is released rising to the sea surface with a speed of about 0.6 d s e c .  

Three seismic channels - one vertical and two horizontal - are recorded by three 4.5 Hz 
'SM-6' geophones, housed in the bottom of the sphere, suspended within a girnbal 
mounting in a viscous silicone fluid. The fourth channel records the hydrophone. 

Each System contained an electronic compass that shows the orientation of the 
horizontal components of the geophone. The compass is connected to the serial port of 
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the SEDIS recorder. One compass reading was made when recording started (according 
to programmed parameters). 

For both OBS profiles, 18 SEDIS IV and 2 SEDIS III seismic recorder were used. The 
recording unit SEDIS IV is based on a low-power consumption Computer and has a 24- 
bit analogue-digital converter (ADC) for 6 channels, a quartz clock and a hard disk for 
data storage. The Instrument clock is usually synchronized from second pulses of an 
external GPS receiver, but it also has an option to use a GPS receiver inside of the 
SEDIS box for on-shore applications. The SEDIS in is a previous generation GeoPro 
seismic recorder, based on a Motorola 360 low-power microprocessor with a 16-bit 
ADC for 6 input seismic channels. It also has a quartz clock and a hard disk for data 
storage. The communication with SEDIS is totally wireless and goes through a serial 
infra-red device. This feature makes the recorder extremely useful for OBS applications, 
because acquisition Parameters can be programmed and conditions checked even 
through the closed glass sphere. The SEDIS instrument has a minimum recording 
capacity of 10 Gigabyte (hard disk). Each recorder was programmed such that it started 
recording after the OBS has arrived on the seabed in order to protect the hard disk from 
hard movements and impacts. 

11.2.3 Land-based seismic recorders 

(K. Gohl, B. Davy) 

Seven seismic land recorders were deployed by the Institute of Geological & Nuclear 
Sciences in the northwest prolongation of profile AWI-20030001 (Fig. 1.1) in order to 
record the marine seismic sources. The following table shows the coordinates and 
recording times of the stations: 

Every Nanometrics ORION was connected to a 3-component Guralp CMG-40T 
broadband sensor; each EARSS system was connected to a 3-component Mark Products 
L4-3D (1 Hz) sensor. 

11.2.4 Multi-channel reflection recording system 

(G. Uenzelmann-Neben, P. Stone) 
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For multi-channel reflection data acquisition, a complete digital seismic strearner and 
recording system was provided by Exploration Electronics Ltd. (UK) as contractor to 
AWI. The system consists of a large capacity, fully integrated, high resolution marine 
seismic data acquisition system (SERCEL SEALTM) which is composed of both onboard 
and in-sea equipment (Fig. 11.7). The streamer is a 180-channel hydrophone array 
which is coupled to the onboard recorder via a fibre-optic tow leader and a deck lead. 
The data collected by the hydrophone array is firstly converted from an analogue signal 
to digital via an A/D converter and then converted to a 24-bit complement format at 
0.25 ms sample rate by a DSP. The data is routed to a Line Acquisition Unit Marine 
(LAUM) at this point, one of these being located every five Acquisition Line Sections or 
750 m. The LAUM decimates, filters and compresses the data before routing them 
through the tow leader and deck lead to the on-board equipment, 

Fig. 11.7 SERCEL SEALm digital multichannel seismic system, provided by Exploration 
Electronics Ltd., and the lab installation of its recordings units. 

The coupling of the streamer with the Control Module (CMXL) is made via the Deck 
Cable Crossing Unit (DCXU) which also acts as a LAUM for the first 60 channels of 
the streamer. The CMXL decompresses, demultiplexes and then performs IEEE 32-bit 
conversion to the data. The data are collected via a network switch and converted to 



44 RV SONNE SO- 169 Cruise Report Campbell Plateau (New Zealand) 

SEGD by the PRM, the PRM being a processor software module used for forrnatting 
data to and from the cartridge drives, the plotters and Seapro QCm. 

All System parameters can be set through the Human Computer Interface (HCI) which 
displays the Systems activity such as print parameters, log files, high resolution graphic 
display and test results. 

Cable depth keeping was monitored on Digicoursem software, and adjustment to depths 
was made with Digibirdsm, Model 5010. The Digicoursem software gives a 
continuously updated graphical display of depths and wing angles via the Digibirdsm 
which are situated at 150 m intervals along the streamer. 

Acquisition Line Section Spec. 1 
Length 1 5 0 m  

Sensitivity 1 20 VBar 
Capacity 1 256 pf 

Channels 
Phoneslgroup 
Group length 

The data were recorded with the following parameters (also Appendix 2): 

12 
16 
12.5 m 

11.3 Processing of refractiodwide-angle OBSIOBH data 

(K. Gohl, D. Ilinsky, J. Grobys, B. Hell) 

GeoPro ocean-bottom seismometers (OBS) of SEDZS type 

Sample Rate 
4 ms 
4 ms 

Data processiizg flow 

Record Length 
1 5 s  
1 5 s  

Profile Name 
AWI-2003000 1 
AWI-20030002 

The data acquired were subject to the standard processing consisting of the following 
steps: 

l - Data extraction from optical disk (raw data) and control files (shooting time) 
2 - Demultiplexing (incl. correction of time drift as defined from log file) 
3 - Resampling (only for SEDIS III data) 
4 - Determination of OBS positions (from water wave arrivals) 
5 - Reformatting to SEG-Y data files (incl. filtering) 

Active L e n g t h L e a d - i n  
2250 m 
2250 m 

110m 
110m 
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Data extraction and demultiplexing 

DAT tape devices are used by the GeoPro SEDIS-DI system to Store seisrnic data 
recorded on hard disk of the field instrument. The field data are then processed on a 
Linux PC. In addition to the seismic data, the following information is also stored : 

Acquisition Parameters: 
- Sampling rate 
- Number of recording channels 
Date and time of: 

- Initial clock synchronisation with an external GPS clock 
- Start of recording 
- End of recording 
- Final time comparison between the SEDIS internal clock and the extemal GPS 

clock 
Instrument internal temperature 

Extraction of the seismic information from all recorded data 

The shoot times are extracted from the navigation data and reformatted to fit the input 
format for the data reading routine. The desired data windows of arbitrary length are 
read from the field records and stored in a disk file. This step results in one disk file 
('raw data file') per OBS unit. 

Demultiplexing 

Each raw data file is demultiplexed resulting in a data file containing all seismic traces 
for one channel of one OBS sorted by shot times. The data are then resampled in 
CWPISU format and written to SEG-Y tapes to satisfy the requirements for further data 
processing and modelling. 

As the internal clock of each recorder is subject to a temperature dependent drift, the 
extracted data windows are time-shifted in relation to UTC time according to the 
determined drift corrections. The correction procedure is as follows: 

The recorder internal clock is synchronized with UTC time prior to deployment using 
the GPS System. The exact date and time of synchronization is recorded by the 
instmment and also logged manually in the OBS field protocols. After recovery of an 
OBS, the recorder's internal clock is compared with UTC. The difference between both 
times, and the time of comparison are recorded by the instrument. Finally, the time shift 
for each data window is calculated using linear interpolation. This approach is justified 
by the fact that the environment temperature of the intemal SEDIS clock is constant 
during deployment. However, rapid temperature changes can also be taken into account 
as the instmment continuously records the temperature to allow the calculation of a 
variable clock drift. 

Data reformatting 

The final data set was reformatted and delivered in SEG-Y format on DAT tapes. The 
whole data set was plotted and checked for quality. 
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Geometty setting for the SEGY trace headers 

The SEGY trace headers contain the following information: 

Source longitude in arc seconds 
Source latitude in arc seconds 
Water depth at source position 
Receiver longitude in arc seconds (OBS) 
Receiver latitude in arc seconds (OBS) 
Water depth at receiver position (OBS) 
Offset (source-receiver distance) 

For offset calculation, we perform a Gauss-Krueger projection of geographical 
coordinates along direction of each profile. The origin of local coordinate system 
coincides with the first production shot on a profile and the direction of inline local axis 
is determined by the last production shot on the profile. The offset calculation was done 
in a local coordinate System. 

Time corrections for SEDZS clock drzp und delay 

Due to inaccuracy of the intemal SEDIS clocks (10'~ s per second according to 
manufacturer information), we measured and applied a time correction to the data. The 
SEDIS clock is initially synchronised with a GPS receiver time pulse before the OBS is 
deployed. After OBS recovery, we compared the SEDIS clock time with the GPS time. 
The results of the drift measurements are shown in Fig. 11.8. It can be assumed that 
clock drift is linear due to the constant temperature on the sea-floor. 

SEDIS IV has a digital filter delay (dfd) of 116 ms at a 4 ms sample interval. SEDIS 111 
has a dfd of 76 ms for a sample rate of 256 Hz. The seismic recording window for each 
shot Starts at 1000 ms before the shot time at the full minute and ended at 40 s. 

All individual delays were applied for the total time delay (delrt) and stored in the 
SEGY header: 

delrt = -1000 - 76 - sedis-drift (ms) for Sedis HI 

dein  = -1000 - 116 + sedis-drift (ms) for Sedis IV 

The sign difference of sedis-drift for SEDIS Ei and SEDIS IV is due to different 
intemal instrument software. 

We also performed a time-position test to check the total accuracy of the applied time 
delays. Fig. 11.9 shows the calculated OBS offline distance along profile AWI- 
20030002. The offline offset was calculated as 

offline_offset2 = (minjicked-time * 1.500)' - obs_depth2 (m) 

where mingicked-time is the minimal first-break time for each OBS after applying all 
corrections. Negative offline offsets indicate a depth deficit which could be explained by 
airgun shot delays. Generally, there is a good correlation between OBS water-depths and 
offline drifting during the deployment. 
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Sedis IV relative clock drift (sec per sec). SO-169. Profiles: 
AWI2003-0001 & AWI2003-0002 

-128.3 
Sedis IV # 

Sedis lll # 

B Deployment 1 Â Deployment 2 

Fig. 11.8 Measured relative GeoPro OBS SEDIS internal clock drifts for profiles AWI-20030001 
and 20030002. 

SO169 AWI2003002. Refraction profile 2. 

OBS position 

BOBS offline offset W OBS pos. Water depth 

Fig. 11.9 Calculated offline distances of GeoPro OBS stations along profile AWI-20030002. 
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Ocean-bottom seismometer/hydrophone Systems (OBS/OBH) of A WZ/Geomar and 
UniHH type 

The OBSIOBH data acquired from the five recovered stations of this instrument type 
along profile AWI-20030001 were subject to processing consisting of the following 
steps: 

I. Time skew at the end of the recording in order to obtain the time drift of the 
internal clock of the MBS recorder compared to GPS time. 

2. Downloading of data files from IBM-MicroDrives to PC. 

3. Pre-processing of the data files with PC program send2x (by SEND GmbH). 
This program demultiplexes the raw data, adds shot and station coordinates to 
the trace headers, applies time drift correction, and converts the data to SEG-Y 
format. The program requires a shot-point coordinate file. send2x generates a 
SEG-Y file for every channel. 

4. Calculation of source-receiver offsets (not done in send2x). 

5. Reading of SEG-Y files, filtering and plotting using CWPISU software. 

As the program send2x existed only as a beta-version, the final data processing with all 
necessary corrections will be performed at AWI. The pre-processing onboard served 
primarily for data quality control. 

11.4 Processing of multi-channel reflection data 

(G. Uenzelmann-Neben) 

As soon as the seismic reflection lines were gathered standard processing of the data 
started. The onboard processing was carried out on a SGI Origin 200TM supercomputer 
using the FOCUSTM processing software. The preliminary onboard data processing 
comprised the following steps: 

1. Conversion of data from SEGD field format into FOCUSm internal format 

2. Definition of the shot-CDP geometry invoking the navigation data. The CDP 
interval was chosen as half the shot interval 

3. CDP sorting 

4. Velocity analysis every 50 CDPs in order to take into account the subsurface 
topography 

5. Correction for spherical divergence 

6. Normal move out correction 

7. Stack 

Then, the data were plotted for a first interpretation applying a bandpass filter. Raw and 
processed data were written onto data cartridges type 3590 (Appendix 2). 
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11.5 Preliminary results of multi-channel reflection data 

(G. Uenzelmann-Neben) 

As detailed seismic processing is time-consuming, only a first, preliminary 
interpretation could be performed On board during the cmise. 

11.5.1 Profile AWI-20030001 

The tangling of the streamer with the airgun array due to a rough swell, a first seismic 
reflection recording along this OBS profile lasted only 4 hours. The profile was covered 
with regular reflection seismics at the end of the cruise and is described under AWI- 
200300 13. 

11.5.2 Profile AWI-20030002 

Line AWI-20030002 (Fig. 11.10) crosses the Bounty Trough from the Campbell Plateau 
in the south to the Chatham Rise in the north. At the southem end of the line we 
encountered a -1 s TWT deep sedimentary basin. From the deepest Part of the basin, 
basement rises rapidly to the surface where it forms a strong reflection. Here, we find 
only a small depression up to 50 ms TWT filled with sediments. The descent into the 
trough is relatively steep, the seafloor here drops about 1950 m within 60 km. At the 
slope, a slide can be identified indicating mass movement not only along slope within 
the deeper parts of the trough but also down slope. 

Bounty Trough is characterised by -1200 ms TWT of stratified sediments. The active 
Bounty Channel cuts 600 ms TWT (G 450 m) deep into the sediments in the southern 
part of the trough. Two levees can be identified with the northern being about 200 ms 
TWT (E 150 m) thicker due to Coriolis force deflection of the material. Continuing 
erosion can be observed in several places additionally to the channel: CDPs 1240-1440, 
2400-2800, 3000-3600, 3800-3900 and 4000-4100. At those places older horizons 
wedge out at the seafloor. This is interpreted to be the result of further distributary 
channels within the Bounty Trough. 

An unconformity separates the levee sediments from older Strata and rises nearly to 
seafloor between CDPs 3100 and 3400. The older layers show folding and faulting. This 
unconformity may correspond to reflector Y of Carter and Carter (1996), who identified 
it to be of Late Miocene origin separating Plio-Pleistocene sediments from folded 
Palaeogene-Oligocene sediments below. Basement in the Bounty Trough can be found 
-1.2 s TWT below seafloor. There, it is characterised by a low frequency reflection. A 
few intra-basement reflection can be identified as well but it is difficult to trace them 
continuously. 

In the North, the Chatham Rise is characterised by a thick pile of sediments (up to 
900 ms TWT on this line) which abruptly terrninate against the slope into the trough. 
The sedimentary layers are affected by small scale faulting. A very prominent reflection, 
both on Chatham Rise and in Bounty Trough, can be observed 500-700 ms TWT below 
seafloor. This is a very strong continuous reflection, which forms the top of a chaotic 
unit. As for the origin of that reflection we can just speculate. Carter et al. (1994) 
identified a similar reflector in about the same depth and interpreted their reflector X to 



50 RV SONNE SO- 169 Cruise Report Campbell Plateau (New Zealand) 

be of mid-Oligocene age. Another possibility would be the inner sill of Bounty Trough, 
which dates back to a late Miocene (8 Ma) phase of regional folding and volcanism. A 
more intensive velocity analysis may shed light on the origin of this reflector. 

100 550 1000 1450 1900 2350 2800 3250 3700 4150 4600 5050 5500 

Fig. 11.10 Brute stack of seismic reflection profile AWI-20030002. See main text for description. 

11.5.3 Profile AWI-20030011 

Line AWI-20030011 (Fig. 11.11) crosses the Bounty Trough from Campbell Plateau in 
the south to the Chatham Rise in the north parallel, but 42" east, to line AWI-20030002. 
As seismic source we this time used two GI-GunsTM to ensure a better resolution of the 
sedimentary sequences. The descent into Bounty Trough appears not as steep as on line 
AWI-20030002, here we observe a drop of the seafloor of 1500 m within 63 km. 
Furtherrnore, on the slope we can identify several sediment packages, which are up to 
900 ms TWT thick. The slope appears not as smooth as on line AWI-20030002 but 
shows several basement highs, e.g. near shot numbers 1000, 1400 and 2500. 

The sedimentary sequences become thicker towards the trough. They are characterised 
by a number of pronounced unconformities, which indicate drastic changes in the 
sedimentary environment. In the southern part of the trough we again observe the 
Bounty Channel. The channel again cuts -450 m into the sediments. Both levees are 
well defined with the northern being only slightly (< 50 ms TWT) than the southern 
levee. Remarkable is a distinct basement high (shots 4100-4700), which flanks the 
channel in the north and rises by about 900 ms TWT almost to seafloor. This basement 
high may have prevented the development of a thicker northern levee, because it 
represents an obstacle to overspill deposits. 



ÃŸ SONNE SO- 169 Cruise Report Campbell Plateau (New Zealand) 51 

The basement is deepest (-1.2 s TWT) in the centre of Bounty Trough and, except for 
the mentioned basement high, rises gently towards both slopes in the north and south. 
Two sedimentary units, A and B, follow this trend. The lower one appears to correspond 
to the chaotic unit already discussed for line AWI-20030002. Both units A and B show 
strong intemal and very strong top reflections. Above those two units a change in 
reflection charactesistics towards continuous reflections of moderate amplitude can be 
observed. This unit C is the thickest observed (-400 ms TWT). An erosional 
unconforrnity marks the top of unit C, which cuts up to 150 ms TWT into the unit. All 
three units described are strongly affected by folding and faulting. 

On top of unit C we identify unit D, which forms the levee sediments. This unit nearly 
levels out the relief of the folded sedimentary units undemeath. It is affected by erosion 
north of shot 5900. The uppermost unit E shows a thickness up to 70 ms TWT (thicker 
in the levees). It rests unconformable on unit D. Both units D and E show wavy 
structures between shots 5700 and 6100 pointing at current activity. 

At the foot of the Chatham Rise slope, we observe an up to 700 ms TWT thick sediment 
package, which in shape resembles a sediment drift and is separated from Chatham Rise 
by a kind of moat. The youngest sediments are thickest on the northern flank. The slope 
to Chatham Rise again shows at least 700 ms TWT of sediment characterised by small 
scale faulting and erosion. Here, two trough-ward inclined reflections can be identified 
at -250 ms and -450 ms TWT, respectively, beneath the top of the basement indicating 
volcanic activity. 

Soulh ProfileAWI-2003001 1, single channel display, chan 50, Bounty Trough, no AGC North 

s ~ ~ ~ t s 1 0 0  850 1750 2800 3850 4900 5950 7000 8050 9100 I0300 11650 

Fig. 11.11 Brute stack of seismic reflection profile AWI-20030011. See main text for description. 
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11.5.4 Profile AWI-20030012 

Line AWI-20030012 (Fig. 11.12) is an E-W profile across the northern Campbell 
Plateau. It crosses a well defined N-S striking gravity anomaly between the Campbell 
Plateau and the Bounty Platform. This line was shot to investigate structural differences 
between those two blocks and with the aim to detect indications for tectonic 
movements. 

In general, both features show a different seismic image. The seafloor on the Bounty 
Platform is smooth with just one 15 km wide 100 ms TWT (-75 m) deep channel (CDP 
1550). Sediments are up to 200 ms TWT (-150 m) thick. They can be divided into at 
least three different units, which are separated by unconformities. The middle unit 
appears to be affected by erosion as can be inferred by small filled channels. Erosion 
seems to be on-going since the sedimentary horizons terrninate at the seafloor. 

The top of the basement is relatively smooth as well. Basement is disrupted by faults at 
CDPs 350, 550, 800, 1900 and 2200. This indicates tectonic activity. At this Stage of the 
processing it is difficult to trace basement-internal reflections. 

In contrast, the Campbell Plateau shows a rugged topography. The deposits there are 
strongly affected by currents cutting a large number of channels into the sequences. The 
thickness of the sediments is 500 ms TWT at most. The sequences are quite disturbed. It 
is not possible to ascertain to what degree the disturbance results from basement 
topography or the erosional action of currents. Thus, a distinction of different 
sedimentary units is not yet possible. 

West Profile AW1-20030012, h n ~ t e  stack, northern Camphell Plateau, no AGC East 

CDP6500 5950 5400 4850 4300 3750 3200 2650 2100 1550 1000 550 150 

6500 5950 5400 4850 4300 3750 3200 2650 2100 1550 1000 550 150 

Fig. 11.12 Brute stack of seismic reflection profile AWI-20030012. See main text for description. 
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The basement shows a much rougher topography than on the Bounty Platform. Several 
relative highs can be identified, and between CDPs 5600 and 6000 basement appears to 
reach the seafloor. 

Campbell Plateau and Bounty Platform are separated by a seafloor depression (CDPs 
3350-4000), which is -400 ms TWT (- 300 m) deep. The slope towards the Bounty 
Platform is quite steep whereas the slope towards the Campbell Plateau is more gradual. 
The steep flank may represent a fault. Basement here crops out. Then, basement drops 
towards the Campbell Plateau where it again rises by -200 ms TWT at another fault. 
This may indicate the location where the Bounty Platform was moved in a possible 
strike-slip motion relative to the Campbell Plateau. 

11.5.5 Profile AWI-20030013 

Line AWI-20030013 (Fig. 11.13) crosses the Great South Basin from the Pukaki Rise in 
the South to the North. The Great South Basin shows generally well layered sedimentary 
sequences. The main feature is a channel, which can be identified as deep as 2 s TWT 
(CDP 9760). This channel migrated southwards by about 19 km (CDP 9125) in a period. 
The northem levee is well developed with the southern levee being -100 ms thinner. 
The levee sediments are characterised by small scale faulting, which may be an 
indication for rapid deposition and later differential compaction. 

N W  ProfileAWI-20030013, bmte stack, Great Soutli Basin, no AGC SE 

CDP 15000 13500 12000 10500 9100 7900 6700 5500 4300 3100 1900 800 

15000 13500 12000 10500 9100 7900 6700 5500 4300 3100 1900 800 

Fig. 11.13 Brute stack of seismic reflection profile AWI-20030013. See main text for description. 

A prominent unconformity cuts across the levee sediments. On top of the unconformity 
the channel Starts to fill. From an initial incision of 220 m, only 80 m remain at the 
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seafloor. A second smaller channel south of the main one developed when the migration 
of the main channel was completed. Both channels now show the same incision. The 
sedimentary sequences rise towards both the northern and the southern slopes of the 
basin. A number of smaller channels cut into the seafloor and the youngest sediments 
(CDPs 5130, 6689, 7010, 12021 and 13850). The shelf in the north is characterised 
mainly by progradation and very little aggradation. 

Basement can be identified best in the South (CDPs 49-3515). There it can be found in a 
sub-bottom depth of -350 m, Basement rises by about 120 m near CDP 2373. It then 
drops sharply into the basin by -300 m near CDP 3837. The further descent is  more 
gradual. This relatively sharp drop of the basement appears nearly levelled out at the 
seafloor and may be interpreted as an older fault. At this stage of processing little can be 
said about intra-basement reflections. 

11.6 Preliminary results of refractionlwide-angle OBS data 

(K. Gohl, J. Grobys, T. Deen) 

11.6.1 Profile AWI-20030001 

Of the 25 OBSIOBH Systems recovered (5 were lost), all instruments recorded usable 3- 
component andlor hydrophone data from the airgun shot profile across the Great South 
Basin and the central Campbell Plateau (data examples in Fig. 11.14). A first glance on 
the P-wave phases of the records from the VLF airgun array shows good-quality 
refracted arrivals from the upper to middle crust (Pi to Px). This first ever recorded deep 
crustal seismic dataset of the Campbell Plateau reveals apparent P-wave velocities 
increasing from 3.5 kmls for sediments and 5.3 km/s for the top of basement to about 
7.1 km/s for the middle to lower cmst. The amplitudes and their characteristics of 
arrivals reflected from the suspected crust-mantle boundary (PmP) vary along the profile 
which indicates that the boundary exists as a "classical" distinct Moho discontinuity in 
some parts across the Campbell Plateau, while it comprises a gradational Zone in other 
parts. Further data processing and detailed travel-time and wave-field modelling will 
reveal whether there is a correlation with the distribution of observed volcanic centres. 
A few recordings show very low-amplitude, difficult to identify, refracted phases from 
the upper mantle (Pn). 

The data of the seven seismic land-stations were being processed by GNS at the time 
this report was completed. Therefore, results of their recordings cannot be shown yet. 

11.6.2 Profile AWI-20030002 

All 20 GeoPro-OBS Systems deployed along this profile recorded usable three- 
component data from the airgun shots of the G-GunTM array (examples in Fig. 11.15). 
This represents the first ever recorded deep crustal seismic dataset of the Bounty 
Trough. In general, the recordings of this profile exhibit a slightly better quality than 
those of profile AWI-20030001 which is probably due to the lower peak frequency band 
of the G-GunsTM. P-wave arrivals can be observed at offsets up to 130 km. 
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Nw O f k t  (C", 
AWI-20030001. OBS station 04, chan l (venical), bandpass 2-30 Hz. AGC SE 

-99932 -83425 -65924 -49134 .32(117 -14977 -424 11789 25648 39603 53075 75665 

NW AW1-20030001, OBS station 16, chan l (vertical). bandpass 2-30 Hz, AGC SE 
OtYscl (m) 

-99900 -84245 -67319 -49900 -33264 -16479 -1488 12547 26497 40940 54444 68067 82331 99947 

Fig. 11.14 OBS data example of profile AWI-20030001, stations 04 and 16. The source was of a 
VLF airgun array consisting of 20 airguns (total volume 52 litres). Indicated are some 
identified P-wave phases such as refracted phases through the crust (P,.,) and reflections 
from the crust-mantle boundary (PmP). 
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^ ~ f f s c r  (ml 
AWI-20030002, OBS station 05, chan l (verlieal), bandpass 2 - 30 \\i. AGC S 

OK,ei (rn) 
AWI-20030002, OBS station 14, chan 1 (vetlical), bandpass 2 - 30 Hz, AGC S 

99903 85850 71655 59113 44559 29881 15423 2563 -11433 .28471 -45276 -01542 -77915 -99953 

Fig. 11.15 OBS data example of profile AWI-20030002, stations 05 and 14. The source was of a 
G-Gun array consisting of 6 airguns (total volume 48 litres). Indicated are some 
identified P-wave phases such as refracted phases through the crust (P,.,) and upper 
mantle (P,,) and reflections from the crust-mantle boundary (Pa ) .  
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Apparent P-wave velocities increase from 3.0 kmis for sediments and 5.0 kmis for the 
top of basement to about 7.0 krn/s for the middle to lower crust in the centre of the 
Bounty Trough (PI to Px). Reflected Moho arrivals (PmP) can be observed at most 
station recordings with a number of very strong amplitude phases. A few recordings 
contain refracting phases from the upper mantle (P,,). A very preliminary calculation of a 
one-dimensional velocity depth-model reveals a crustal thickness of 10-11 km below 
sea-floor for the central Bounty Trough, including 2-3 km of sediments. If this result can 
be verified by more thorough and detailed travel-time and wave-field modelling, it 
would indicate an extremely extended continental crust or even the development of 
oceanic crust in the Bounty Trough. 

12. Rock sampling 
(R. Werner) 

12.1 Methods 

Rock sampling on SO-169 was carried out using chain-bag dredges. Chain-bag dredges 
are similar to large buckets with a chain-bag attached to their bottom and steel teeth at 
their openings, which are dragged along the ocean floor by the ship or the ship's winch. 

Selection of Dredge Sites 

Sites for detailed SIMRAD mapping and dredging were chosen on the basis of a number 
of existing datasets. These included: 

1. TOPEX bathymetric maps, derived from gravity data (Smith and Sandwell, 1997) 
2. regional magnetic and satellite gravity maps (Davy, 1996a,b; Sutherland, 1996) 
3. published monographs and Papers (e.g. Surnmerhayes, 1969; Carter, 1988; 

Mortimer et al., 2002) 
4. data from GNS's National Petrology Reference Collection and PETLAB database, 

recording the positions of existing dredge samples 
5. data from GNS's gravitylmagnetic data base 
6. unpublished data by Bryan Davy and Nick Mortimer 

Shipboard procedure 

Once onboard, a selection of the rocks were cleaned and, if necessary, cut using a rock 
saw. They were then exarnined with a hand lens and microscope, and grouped according 
to their lithologies and degree of marine weathering. The immediate aim was to 
deterrnine whether material suitable for geochemistry had been recovered. Suitable 
samples have an unweathered and unaltered groundmass, empty vesicles, glassy rims 
(ideally), and any phenocrysts are fresh. If suitable samples were present, the ship 
moved to the next station. If they were not, then the importance of obtaining samples 
from the station was weighed against the available time. A second dredge nearby and on 
the same station was sometimes possible. 
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Fresh blocks of representative samples were then cut for thin section and microprobe 
preparation, geochemistry and further processed to remove manganese etc. Each of  these 
sub-samples, together with any remaining bulk sample, was described, labelled, and 
finally sealed in either plastic bags or bubble wrap for transportation to GEOMAR or 
cooperating institutions. Manganese crusts and nodules, carbonates, and sediments from 
the sediment traps installed in the dredges were also sampled for cooperating working 
groups. 

Land based analyses 

Magmatic rocks sampled by the RV "Sonne" from the ocean floor will be analyzed with 
different methods in several geochemical laboratories. The ages of whole rocks, 
volcanic glasses and minerals will be determined by 4 0 ~ r / 3 9 ~ r  dating. Major element 
geochemistry will constrain magma chamber processes within the crust, and also yield 
information on the average depth of melting, temperature and source composition to a 
first approximation. Further analytical effort will concentrate On methods that constrain 
deep seated mantle processes. For example, trace element data for example help to 
define the degree of mantle melting and help to characterize the chemical composition 
of the source. Radiogenic isotopic ratios such as 8 7 ~ r / s 6 ~ r ,  1 4 3 ~ d 1 M ~ d ,  206~b1204~b,  
2 0 7 ~ b / 2 0 4 ~ b ,  2 0 8 ~ b / 2 0 4 ~ b  and " 6 ~ f / ' 7 7 ~ f  are independent of the melting process and 
reflect the long terrn evolution of a source region and thus serve as tracers to identify 
mantle and recycled crust sources. Additionally, morphological studies and 
volcanological analyses of the dredged rocks will be used to constrain eruption 
processes, eruption environment and evolution of the volcanoes. Through integration of 
the various geochemical Parameters, the morphological and volcanological data, and the 
age data the origin and evolution of the different sampled structures can be 
reconstructed. 

Four areas (Antipodes North, Antipodes West, Northem Campbell Plateau Margin, and 
Pukaki Bank) were successfully dredged on RV "Sonne" cruise SO-169. Of the 16 
dredges On the cruise, 14 contained igneous rocks (excluding drop-stones), 6 Mn-Fe 
oxides, and 12 soft sediments. Furthermore six potentially volcanic areas were surveyed 
by with the SIMRAD EM-120 multi-beam echo-sounding system without identifying 
suitable dredge targets. This section gives background information and short summaries 
of the volcanic structures sampled through dredging andor mapped (Fig. 1.1), and 
summarizes the results of sampling and mapping. Refer to Appendix 5 (Rock sampling 
descriptions) for latitude, longitude and depth of dredge sites and a Summary of rock 
descriptions. The bathymetric maps of the dredge sites were generated by the SIMRAD 
swath mapping system onboard SO-169 (Figs. 12.1 to 12.10) and compiled by M. 
Grossmann and M. Tormann (RF Forschungsschiffahrt GmbH) onboard RV "Sonne". 
The distances between seamounts are given between the seamount tops and are 
approximate only; dimensions and heights are preliminary and are included only to give 
a rough idea of seamount dimensions. 
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12.2.1 Antipodes Island Area (DR 1-6) 

The small volcanic Antipodes Island is located on the northem Campbell Plateau margin 
(Fig. 1.1). Two areas north and two to the west of the island were chosen for detailed 
SIMRAD mapping and possible sampling of volcanic rocks. 

Area North of Antipodes Island (DR 1-3) 

Approximately 45 nm north of Antipodes Island the satellite gravity map (Davy, 1996a) 
shows a positive gravity high which corresponds to a cone-shaped seamount on the 
regional scale TOPEX bathymetry map. However, SIMRAD mapping revealed at this 
location a smooth structure which extends 20 km in N-S direction but is elevated only 
150 m above the surrounding seafloor. Suitable sites for dredging could not be 
identified. 

About 20 nm south of this structure a bathymetric profile (survey SA8502, GNS 
gravitylmagnetic data base) shows five distinct peaks whose northernmost Parts 
correspond with a positive magnetic anomaly. A N-S SIMRAD track in this area shows 
a large volcanic field extending at least 25 km in N-S direction (49'09's - > 49'32's). 
The most striking morphological feature of all larger volcanoes of this field is their 
guyot-like form, characterized by steep sides and a relatively flat top (up to 4 km across 
with 550 m variation in height from the margin to the Center, Fig. 12.1). The plateaus on 
the volcanoes are most likely erosional platforms, implying that the tops of each of the 
seamount volcanoes once rose above sea level forming islands and then were eroded to 
sea level as activity On the volcanoes waned. The depth of the platform margins and of 
the seafloor at the base of the volcanoes is relatively constant at 800 and 1.000 m below 
sea level (b.s.l.), respectively. All smaller volcanoes (rising less than 200 m above the 
seafloor) are cone-shaped and do not show any erosional structures. Assuming similar 
ages for all volcanoes of this field it appears that the surface of the Campbell Plateau 
north of Antipodes Island was located in -200 m water depth at the time these volcanoes 
were eroded to wave base. 

Dredge DR l was made on the eastern flank of one of the guyot-shaped volcanoes and 
yielded mainly vesicular olivine basalts with up to 0.5 cm thick Mn-crusts. Dredge DR 2 
on a smaller cone failed to retum rock samples. 

About 15 km north of Antipodes Island SIMRAD mapping revealed a -7 km long, up to 
4 km wide, and -600 m high NE-SW-trending volcanic structure which is formed by at 
least 8 volcanic cones or centres (Fig. 12.2). The structure does not show an erosional 
platform and their highest cones of rise up to -400 m b.s.l., suggesting that this volcano 
may be younger than the adjacent volcanic field described above. Dredging of the NE- 
flank of this structure (DR 3) yielded large amounts of dense, feldspar-bearing 
geochemically evolved lavas (Phonotithe-Tephrite?). 

Area West of Antipodes Island (DR 4-6) 

Small fragments of basic volcanics have been dredged -90 km West of Antipodes Island 
on the 1965 HMNZS "Endeavour" cruise (sample F132, Summerhayes, 1969). A 
SIMRAD survey revealed a smooth, cone-shaped seamount (Fig. 12.3) right on the 
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Campbell Plateau margin -4 km SW of the position where sample F132 has been 
dredged. The basal diameter of the seamount is -4 km and its top rises -300 m above 
the plateau surface. Dredging on a rift-like structure on the SW-flank of this structure 
produced only sediments (DR 4). 
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Fig. 12.1 Flat-topped volcanic structures north of Antipodes Island. 
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Fig. 12.2 Volcanic complex north of Antipodes Island. Dredging revealed evolved magmas at this 
volcano. 
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Fig. 12.4 Volcanic cones of the volcanic field discovered on SO-169 west of Antipodes Island 

12.2.2 Northern Campbell Plateau Margin (DR 7-10) 

Until present, no volcanic outcrops have been reported from the central part of the 
northem Campbell Plateau margin. However, a N-E bathymetric and magnetic profile 
on the 47's latitude along the northern Campbell Plateau margin (survey SA 8502, GNS 
gravitylmagnetic data base) shows three small elevations between Ca. 17S0 30% and 
176'45% which correspond to positive magnetic anomalies and may be volcanic in 
origin. A SIMRAD survey revealed a dozen volcanic edifices in this area ranging from 
small cones (up to -100 m high) to larger volcanic structures with a basal diameter of up 
to 4 km and height of -400 m (Figs. 12.5a-C). Most of the volcanoes are located on the 
plateau margin but in one case a chain of small cones extends from the margin into the 
Bounty Trough (Fig. 12.5b). The most remarkable feature of these volcanoes is their 



64 RV SONNE SO-169 Cruise Report Campbell Plateau (New Zealand) 

distinct NE-SW alignment, suggesting that they formed along extensional faults. Four 
dredges (DR 7-10) made on two of the larger volcanoes yielded mainly large amounts of 
highly altered, Mn-encrusted lapilli tuff with highly to moderately altered, vesicular 
basaltic lava fragments. In addition to lapilli tuffs, one dredge (DR 7) also contained 
fragments of olivine porphysitic lavas which may be suitable for geochemical analyses. 
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Fig. 12.5 a) Various volcanic structures at the northern Campbell Plateau margin. Note the 
distinct NE-SW alignment of the volcanoes in this area. 
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Fig. 12.5 b) Various volcanic structures at the northern Campbell Plateau margin. Note the 
distinct NE-SW alignment of the volcanoes in this area. 
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Fig. 12.5 C) Various volcanic structures at the northern Campbell Plateau margin. Note the 
distinct NE-SW alignment of the volcanoes in this area. 

12.2.3. Pukaki Bank (DR 11-16) 

The Pukaki Bank on the northem central part of the Campbell Plateau Covers -700 km2 
and is characterized by relatively steep sides and an extensive plateau in 130 - 140 m 
water depth. Brodie (1964) described "numerous steep-sided pinnacles" which rise up to 
-100 m from the plateaus surface. Dredging at 4 sites on the bank on the HMNZS 
"Endeavour" cruise from 1965 (sites D 209, D 210, B 195 and F 106 of Summerhayes, 
1969) yielded glassy basalt, olivine basalt, volcaniclastic rocks and limestones. 

On the SO-169 cruise, working on the Pukaki Bank proved difficult due to bad weather 
conditions and low water depths. In total, four attempts have been made to map and 
sample the volcanic structures in this area. Moreover, the narrow SIMRAD beam width 
of less than 350 m at these shallow water depths prevented a proper mapping survey. 
Therefore, only a track from the northem edge of the bank to its centre and from there to 
the eastern edge and further to its southem margin was surveyed by SIMRAD. The 
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mapping On the plateau revealed many small cones and round, flat-topped, and steep- 
sided features of volcanic appearance (Fig. 12.6). The cones are <250 m across and up 
to 70 m high, the flat-topped volcanic structures are up to 1 km in diameter and up to  80 
m high. The volcanoes on the Pukaki Bank are partly aligned in NE-SW direction and 
occur apparently in clusters, the mapped tracks between these small volcanic fields 
revealed no volcanic structures. Four of the larger volcanoes and one cone in three of 
these clusters were sampled by dredging. Out of six dredge hauls, five retumed volcanic 
rock samples (DR 11-15) and one dredge was lost (DR 16). All dredged rocks were 
completely encrusted with marine fauna indicating that the volcanic structures on 
Pukaki Bank are free of significant sediment Cover. The predominant lithology at the 
sampling sites (except of DR 12) is lapilli tuff consisting of vesicular, aphyric or 
olivine-bearing lava clasts in a fine-grained ash matrix. The degree of alteration of the 
lapilli tuffs varies from fresh with only slightly palagonized, glassy clasts to heavily 
altered. One dredge (DR 11) yielded vesicular, aphyric lava fragments which appear 
very fresh. Dredge DR 12 contained only black, vesicular rocks with olivine 
microphenocrysts which are most likely lava fragments although numerous rusty veins 
cutting through the rock make him appear as densely packed lapilli tuff. 

Fig. 12.6 Small flat-topped and steep-sided volcanoes being typical examples for the volcanoes 
on the Pukaki Bank. 

SIMRAD mapping at the south-eastem base of Pukaki Bank showed a cluster of round 
shallow structures which are up to 3 km in diameter but only less than 100 m high (Fig. 
12.7). They are presumably volcanic in origin (very low-viscosity magmas?). Due to 
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pronounced, anomaly revealed a smooth slope covered by sediments. Remarkable 
features in the mapped area are distinct depressions with a diameter of up to 4 km and a 
depth of -100 m (Fig. 12.8). However, the nature and origin of these depressions and 
their possible relation to the gravity anomaly remains enigmatic without further 
investigations. A SIMRAD and PARASOUND track across the northem gravity 
anomaly proved to be just plain ocean floor formed by a thick, undisturbed sediment 
sequence. Sites suitable for dredging or discemable volcanic stmctures could not been 
identified in either area. 

- - - 
SO 169 - CAMP 

PukakI Otaao Transit 
AWI ~remertiaven GEOMAR Kiel 

1-200,000 scale 
Mercator proisdion (WÃŸ 84) 

k m  

Fig. 12.8 Small depressions in the ocean floor in the area around 48'10'S, 172'50% where a 
pronounced positive gravity anomaly appears on the southern oceans gravity anomaly 
map (Davy, 1996a). 
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12.2.5 Areas off the Coast of the South Island 

A variety of Cenozoic volcanics have been described off the coast of the New Zealand 
South Island between Banks Peninsula and Steward Island (e.g., Carter, 1988; Mortimer 
et al., 2002). During SO-168 several areas along the shelf slope which show indications 
for volcanic outcrops (or intrusions) were surveyed by SIMRAD and PARASOUND to 
identify possible dredge targets. 

Foveaux Volcanics 

The Foveaux Volcanics are a province of igneous intmsions and volcanism extending 
over an area of -20 X 50 km along the shelf edge east of the southernmost Part of the 
Otago Province. They were probably emplaced in the Late Eocene - Oligocene (Carter 
1988). Seismic records (e.g., HIPCO profile D 163 in Carter 1988) suggest that at least 
some of the volcanic edifices may be partly exposed On the seafloor. The Foveaux 
volcanics were surveyed by 4 SIMRAD profiles to identify possible dredge targets. The 
mapping revealed a smooth shelf slope in their northern Part which becomes a more 
rough morphology towards the south. However, the mapped area appears to be covered 
by sediments. Neither volcanic edifices nor other structures suitable for dredging could 
be found. 

Area Southeast o f f  Otago Peninsula 

SIMRAD mapping revealed a smooth shelf slope and a distinct channel (Fig. 12.9) 
about 55 km SE off Otago Peninsula from where a fishing dredge sample (P54834, 
vesicular basalt) supposedly came. Discernable volcanic structures could not been 
founded in this area. 

Area between Otago und Banks Peninsulas 

Five distinct positive magnetic anomalies occur along the shelf slope between Banks 
and Otago Peninsulas (B. Davy, pers. cornrn.) which may indicate volcanic rocks. Four 
of these anomalies were surveyed by SIMRAD and Parasound but no volcanic outcrops 
could be identified, suggesting that the magnetic anomalies are caused by intrusions. 
Mapping in the area south of Banks Peninsula revealed smooth slope covered by thick 
sediments. Further to the south complex channel Systems cut through the shelf slope in 
the mapped areas (Fig. 12.10). 

12.2.6 Mernoo Bank 

Mernoo Bank on the northwestern Chatham Rise is an extensive plateau in less than 
140 m water depth which was uplifted possibly in Late Cenozoic (Wood and Herzer, 
1993). Mernoo Bank appears as a distinct gravity high on the southern oceans gravity 
anomaly map (Davy, 1996a). The 1:1,000,000 scale seafloor geological map of the 
Chatharn Rise (map 11 of Wood et al., 1989), that showed magnetic anomalies and 
outcrop areas of volcanic rocks of different ages, inferred from reflection seisrnic lines, 
shows Cenozoic and Cretaceous (?) volcanics On the plateau and adjacent to its southern 
and northern flank. Therefore, Mernoo Bank was chosen for a SIMRAD survey. 
However, the narrow SIMRAD beam width of << 1 km at these shallow water depths, 



Ã Ÿ  SONNE SO-169 Cruise ÃŸepor Campbell Plateau (New Zealand) 7 1 

and lack of time, prevented a proper mapping survey. Only a narrow track along the 
southern and eastem margin and from there across the northem part of the plateau and 
the northeastern flank of the bank could be mapped. Thus a satisfactory identification of 
volcanic outcrops was precluded and possible dredge targets could not be identified. 

I SO169-CAMP 
Otago Bank 

1 AWI Bremerhsven / GEOMAR Kiel 
1 250,000 Scala 

Morcator proiec&on WGS 641 

km - 
0 1 2 3  

ocwwdt t * t iSMTootÅ¸ t i f lWSONNEatvw8016  

Fig. 12.9 Complex channel System -55 km southeast off Otago Peninsula. 
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Fig. 12.10 Distinct channel cutting through the shelf dope northeast of Otago Peninsula. 
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stationl begin end 
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47'47.1 7' 
47'42.07' 
47O36.90' 
47'31 .6214 
47'26.496 
47Â¡21.311 
47O16.129 
47'1 0 985 
47Â¡05.794 
47Â°00.61 
4655 49' 
46'50.34 
46O45.13' 
46'39.93' 

3eployment 
Date 

20.01.2003 
20 01 .ZOO3 
20.01.2003 
20 01 2003 
20.01.2003 
20 01.2003 
20.01.2003 
20.01.2003 
iot deployec 
20 01.2003 
20 01.2003 
20 01.2003 
20 01.2003 
20.01.2003 
20.01 2003 
20.01 .ZOO3 
20.01.2003 
20.01.2003 
20 01 2003 
20.01.2003 
20.01.2003 
21.01.2003 
21 01.2003 
21 .01.2003 
21 01.2003 
21 01 2003 
21 .01.2003 
21 .01.2003 

21 .01.2003 
21 .01.2003 
21 .01.2003 

1 Recovery 
Recovery released 1 sighted 

I 

- 

23.23 47O31 840' 170'46.828 26 01 .ZOO3 04:17 4.32 
0:09 4i26.36' 170Â°40.72 26.01 2003 05 38 WO-- - - 
0.58 47O20.76' 170Â°34.18 26 01.2003 07.26 8-10 
1 :47 not recovered 
2-41 47'10 517' 170'20 353 26 01.2003 11-32 1 1  57 
3:34 47Q04788'170012.726 26.01.2003 13:17 13.27 
4-21 not recovered 
5.05 46"55 175' 1 70'00.527 26 01.2003 16.40 16 46 

5-55 46'49 47' 169'54,OO' 26.01 2003 17-57 18-18 
6 53 46O44.87' 169O47.03' 26.01 .ZOO3 19.28 19 33 
7 44 46O39 93' 169"40.02' 26 01.2003 09 24 9.29 

- 
in boan 

UTC 
00 25 
01 26 
02 21 
03 34 
04 56 

08 24 
10 08 

12 16 
1358 

I6 45 
18 19 

2 1 -24 
22:46 
00 05 
01 -49 
03 29 
04.48 
06 42 -- 
08 30 

12 27 
14-06 

17 05 

18-25 
19 56 
09 55 



OBS Profile AW1-20030002 

19 GeoPro 47"20,44' 177Â°30,00 968 30.01.2003 

20 GeoPro 47*30,05' 177'30,02' 866 30.01.2003 

UTC 

20:47 
21 :47 

22 45 

23:43 

0 41 
1.36 
2-31 

3-29 
4 40 

5-43 
6 42 
7.39 

8:37 

9:35 
10:31 

11:26 

12-25 

13:19 
14:12 
1507 

3ecovery 
Lat 

South 

44'29.97 
44'38.88' 
44O48 745' 

44'58.08 

45O07 797' 
45'1 8.066' 

45'27.29' 
45'36.374 
45"45 592 
45'54 928' 

46-04 39' 
46O13.90' 

46O23.787' 
46'33.1 51' 

46'42.203 

46'51.71' 

47'01.28' 

47Â°10.610 
47"20.005' 

47Â¡29.816 

Lon 

East 
177'30.64' 

177'30.86' 
177Â°30.605 
177O30 11' 

177"29 767' 

1 7 2 9  167' 
177*30.34' 
177'30 547' 
177'30.654' 
177"30 167' 
177'30.07 
177Â°30.14 

177"30 622' 

177'30.666' 
177"30.254' 

1 77-30 21 2' 
177Â°30.352 
177'29.956' 

sighted 

UTC 
23 50 
1.50 

4 13 
6 17 

8 24 
10.30 
13 27 
16 08 
1835 
21 10 
0 05 
2'29 
5-02 

8:35 
10:09 

13 05 

15:37 

17-37 
1932 

21 -28 

Recovery 
Date 

02 02 2003 
02.02.2003 

02.02.2003 
02 02.2003 
02.02 2003 

02.02.2003 

02 02.2003 
02.02.2003 
02 02 2003 
02 02.2003 

03.02.2003 
03.02.2003 
03.02.2003 
03.02.2003 

03.02.2003 

03.02.2003 

03.02.2003 

03.02.2003 

03.02.2003 
03.02.2003 

- 
i n  board 

UTC 
0:02 
2:22 
4 26 
6.24 

8-40 
11 :40 

14-04 
16.24 
1846 
21 :29 

0 13 
2.37 
5:15 
8.56 
11:56 

13:30 

15:57 

17-48 
19:47 

21 :41 

released 

UTC 
23-1 0 

1 :05 

3:33 
5 31 
7.34 

9:38 
1235 
13:55 
17 26 

19-52 
22:36 
1:19 

3-45 
6:25 
9:04 

12-04 

14:39 

17-01 

1857 
21 :04 
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App. 5 Rock sampling descriptions 

1 STATION DR1: Antipodes North 
Nose at NE Slope of Hat cone 
Dredge on bottom UTC 04/02/03 11:38hrs, lat 49'21.93 S, long 178'51,45 E, 884m depth 
Dredge off bottom UTC 04/02/03 12:25hrs, lat 49'21.91 S, long 178Â°51.2 E, 892111 depth 

few rocks, mostly Mn-crusts, one vofcanic rock. Sediment in tube 
Sarnple 1 Size & shape 1 Rock type 1 T S  1 Arch. 1 GNS 1 Mn 
# 
DRI-1 

Notes 

DRI-2 

subangular 25x40 
boulder 

DRI-3 

STATION DR2: Antipodes North 

3x5 cm fragment 

DR1-4 

Small cone Ca. 1 nm N of DRI, eastern flank from base to top 
Dredge on bottom UTC 04/02/03 13:49hrs, lat 49'21.31 S, long 178'51.55 E, 965m depth 
Dredge off bottom UTC 04/02/03 14:40hrs, lat 49'21.44 S, long 178'51,07 E, 758111 depth 

brownish, vesicular 01-basalt. Heavily 
altered. Vesicles (1-5mm) mostly filled wiih 
calcite. Rock surface parily covered with up 
to 0,5 cm mn-crust. Light brown matrix 
containing plg-laths and cpx. 5% ol 
phenocrysts (up to 3mm size) completely 
oxidised. 
coarsegrained carbonate (completely 
encrusted bv Mn) with uo to 1 cm shell 

10-15 cm Mn-crust 

empty dredge (only sediment in tubes) 

10-12 cm Mn-crust 

1 STATION DR3: Antipodes North 

Y 

debris and biociists ' 

Mn-crust 

NE slope of large volcano, ca. 6 nm noiih of Antipodes Island 
Dredge on bottom UTC 04/02/03 17:22hrs, lat 49'31.24 S, long 178'51 .E6 E, 834m depth 
Dredge off bottom UTC 04/02/03 18:18hrs, lat 49'31.33 S, long 178'51.45 E, 518m depth 

Y 

Mn-crust 

Y slightly 
encrusted b' 

Y 

many rocks, sediment in tube 

serpulides 
slightly 
encrusted b 
serpulides 

Notes 

well suitable 
for GC and 
Ar/Ar 

well suitabli 
for GC and 
Ar/Ar 

Sarnple 
# 
DR3-1 

DR3-2 

DR3-3 

DR3-4 

T S  

Y 

Y 

Size & shape 

25x18 cm boulder, 
subangular 

15x15 cm, 
subrounded 
rounded edges 

40x30 cm rounded 
boulder 

Arch. Rock type 

greenish, dense volcanic rock (phonolite- 
tephrite?). Appears to be very fresh with 
only a few mm alteration rim below surface, 
no vesicles. Greenish matrix with up to 2 
mm feldspar microphenocrysts 
similar to DR3-1 but slightly more altered 

similar to DR3-1 but groundmass seems to 
be slightly more coarsegrained 
dense, greygreenish volcanic rock 
(phonolite-tephrite?), Same general 
litholcgy as DR3-1 but matrix seems to be 
slightly more finegrained and shows partly 
flow-texture. Very fresh, no vesicles 

GNS 

Y 

Y 

Y 

Y 

Mn 
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DR3-5 20 cm diameter, 
well rounded 
boulder 

subangular 
boulder 

DR3-7 30x20 cm rounded 
boulder 

general similar lithology as DR3-4 but less Y Y well suitable 
feldspar phenccrysts and more fine grained for GC and 
matrix in combination with distinct flow Ar/Ar 
texture. Very fresh material (phonolite- 
lephrite?) 
similar to DR3-7 

1 8  

similar to DR3-7 Y 1 
similar to DR3-1 Y 

similar to DR3-4 Y 

similar to DR3-4 Y 

STATION DR4: Antipodes South 
Volcano on  the edge o f  Campbeil PI. 2 nm SW o f  "F132"-Position. Smail cone on  southern rift 
Dredge on bottom: UTC 05/02/03, 2:05hrs, lat 50Â¡16,8 S, long 177'29.59 E, 1257 m depth 
Dredge off bottom: UTC 05/02/03, 3:09hrs, lat 5W14.71 S, long 177'29.33 E, 1204 m depth 

ernpty dredge, only sed. in tubes 

STATION DR5: Antipodes South 
Medium size M n  cone (row?), southern cone at large gravity high WSW of Ant. Islands 

1 Dredae on bottom: UTC 05/02/03 8:43hrs, lat. 49'57,77~,lona 1 7 ~ 3 8 . 2 3  E, 1249 m deoth 
~ r e d g e  off bottom: UTC 05/02/03 9:33hrs, lat 49'57.61 S, lang-176037.55 ~ , 1 0 3 1  m depth 

half full of I 

Sarnple 
L 
DR5-1 

DR5-2 

DR5-3 

DR5-4 

As (rnostly dmpstones) and sedirnent in fube 

1 altered, micro-vesicular, aphyric basall. 1 1 
40 large, 1 dark-gray mderately to partly only slightly 1 Y 1 

S ize  & s h a p e  1 R o c k  type  

> 100 cm diameter 
and 25 cm thick 
Mn-encrusted 
plate 

20x30 cm piece 

Notes 

larger clasts 
suitable for 
GC and 
Ar/Ar after 
picking 

some clasts 
well suitabli 
for GC and 
Ar/Ar 

suitable for 
GC and 
Ar/Ar 

T S  

volcaniclastic breccia with up to 2 cm 
subangular to angular clastsllapilli in light- 
coloured dense matrix. 99% of clasts are 
highly oxidised (red) altered aphyric basalt. 
1% are larger (up to >2cm) fragments of 
only slightly altered, black aphyric basalt 
volcaniclastic breccia with up to 2 cm large 
subangular clasts/lapilli in whitish-yellow 
fine-grained dense matrix. All clasts 
moderately to highly altered . Probably Wo 
sorts of clasts: 1) dense, highly altered (red 
oxidised) 01-basalt, 2) dark, only moderately 

subrounded 
boulder 

50x20 cm rounded 
boulder 

A r c h  

Y 

Y 

altered lava. Appears that lava picked up 
volcanic fragments and incorporated it 
showing smeared flow texture, The iava is 
aphyric and dense, partly cut by veins of 
secondary white calcite (?) but mostly 
relatively fresh 
white, metamorphic country rock. Probably 
dropstone. Very fresh. Contains mostly 
Course grained quartz and muscovite 
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STATION DR6: Antipodes South 
Relatively large cone (500111 high) 3 nm SE of DR5. SE-flank, upper dope to top 
Dredge on bottom: UTC 05/02/03 11:34hrs, lat 4959.35 S, long 176Â¡40.3 E, 1062 m depth 

Y 
Y 

Dredge off bottom: UTC 05/02/03 12:25hrs, lat 49'59.13 S, long 176'39.78 E, 847 m depth 

Y 

DR5-5 
DR5-6 
DR5-7X 

20 cm long crust 
20 cm long crust 
2,5 kg fragment 

about 100 kg of rocks and sediment in fubes (5 pieces Mn enc~s led  corals taken) 

micas. Muscovite shows schist-like 
(metamorphic) parallel texture 
Mn-cmst (parlly encrusted by serpulides) 
Mn-crust 
large fragment of DR5-1 

35x20 cm, angular 
fragment 

moderately altered lava fragment with 
brownish-red oxidised alteration rim and 
oxidised cracks. Grey matrix contains two 
Rinds of vesicles: 1) 2mm-2cm vesicles 
some of them filled with calcite, 2) small 
bubble tracks (clmm) in parallel texture and 
not filled with sec. min. Fine-grained matrix 
contains 15% olivine microphenocrysts, all 
of them completely oxidised (red) ranging 

DR6-2 
DR6-3 

G N S  Sarnple 
it 

DR64 

40x40 cm, gneiss, probably dropstone from Antarctica 
subrounded (?) Larqe (UP to 3 cm) red alkali felds~ar, 1 1 l y l  1 

T S  

35x25 cm 
25x15 cm, 

1 texture (like the smaller bubble tracks) 

Mn Arch. Size & shape 

subangular 
20x5 cm, angular 

3R6-5 15x6 cm 1 Mn-crust 

Notes Rock type 

- - 
from < I  mm-1 mm 
similar to DR6-1 
similar to DR6-1 

same lithology as DR6-1 but the larger 
vesicles are all elongated and show parallel 

/ Y /  

10x4 cm, rounded 

3R6-8 

taken 
lR6-10X similar to DR6-1 Y 
3R6-11X similar to DR6-1 Y 
3R6-12X similar to DR6-1 Y 

Y 

. ,  - . .  
quariz and biotite micas, probably minor 
epidote? Slightly metamorphic texture. 
biotite-granite. Coarse-grained biotite 
(50%). alkali feldsoar (30%). and auartz 

IR6-9 

STATION DR7: Northern margin of Campbell Plateau 

Y 
Y 

20x2 cm, 
subrounded 

h a l l  volcanic (?) structure, eastern slope, from lower dope to top 
lredge on bottom: UTC 09/02/03 04:07 hrs, lat 47'01.10 S, long 175O36.77 E, 1446 m depth 
lredge off bottom: UTC 09/02/03 05:00 hrs, lat 47'00,23 S, long 175'36.12 E, 1199 m depth 

V 

10x2 cm piate 

ew large rocks and sediment in tubes 
Sample 1 Size & shape 1 Rock type 1 TS 1 Arch. 1 G N S  1 Mn 1 Notes 

only GNS 
sample , , 

(20%). Probably drop~tone'from ~ntarctica. 
gneiss, probablydrop stone from Antarctica. 
50% plag, 40% quartz, 10% biotite. Parallel 
texture. 
schist. Probably drop stone from Antarctica. 
Dense, greenish matrix 

Y 

t 
lR7-1 

taken 
only GNS 
sample 

Y 
taken 
only GNS 
sample 

20x22 cm, 
rounded 

brown lava cobble with only thin M~-CNS~.  
Strongly altered. Vesicular, grey-brown 
matrix. Some of the larger vesicles filled 

Y Y limited 
suitable for 
GC 
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few rocks and sediment in tubes 
Sarnple ] Size & shape 1 Rock type 1 T S  1 Arch. 1 GNS 1 Mn 1 Notes  

oxidised relicts of olivine others are highly 
vesicular with most vesicles filled. All fragments 
are highly altered, Mn-filled cracks and calcite 

STATION DR10: "Maike Seamount" 
NE-SW-striking structure, 3 "cones" close to WP3, southern "cone", southern flank from base to top 
Dredge on bottom: UTC 09/02/03 16:20 hrs, lat 47'11.91 S, long 176'12.26 E, 1693 m depth 
Dredge off bottom, UTC 09/02/03 17:09 hrs, lat 47'1 1.54 S, long 176'12.19 E, 1482 m depth 

few /arge , 
Sarnple 
L 
DR10-1 

DR10-2 

DR10-3 

DR10-4 

DRI 0-5 

lR10-6 
DR10-7 

lR10-8X 

f sma// rocks, no sediment in tubes 
Size & shape Rock type T S  Arch. GNS Mn 

yellow-brownish palagonite tuff with thin Mn-crust. 

volcanic rock particles (probably basalt, ranging 
from mm to 2 cm size), yellow palagonite (offen as 
rims around the brown volcanic particles) and 

similar to DR10-1 (but more yellow palagonite . . -  
subrounded around the particles) 
20x30 cm, similar to DR10-1 but former basalt particles do Y Y 
subrounded not exceed mm-scale size. More than 80% yellow 

palagonite 
10x20 cm completely altered lapillituff encrusted by 1 cm Y Y 

thick Mn-crust. Tuff is composed of light and red- 
brown particles (mm scale to lern) 

15x20 cm Mn-encrusted palagonite tuff. Same lithology as 
DR10-1 but with interesting 10 cm long and 2,5 
cm wide layer of mikrit with sedimentary structure. 

30x4 cm Mn-crust Y 
15 cm diam., oebble of white, dense, fine-qrained carbonate 
rounded 1 (mikrit?). No visible macrofo&s. 

1 similar to DR10-2 ] Y [  

STATION DR11: Pukaki Bank North 
Small round but structure ("Castle rock") on northern edge of Pukaki Bank 
lredge on bottom: UTC 13/02/03 02:37 hrs, lat 49'10.20 S, long 171'51.59 E, 110 m depth 
Sredge off bottom: UTC 13/02/03 02:52 hrs, lat 49'10.23 S, long 171'51.38 E, 113 m depth 

'ew mcks and sediment in tubes 

T 

IR1 1-1 

Notes 

IR1 1-2 

20x10 cm, angular 

1 rnateria 

G N S  Sarnple 
W 

12x5 cm, 

lR11-3 1 6x4 cm, angular 1 similar to DR11-1 but slightly more altered with 1 1 

T S  Mn 

fragment of black, basaltic lava. Very fresh (no 
alteration rim). Highly vesicular (ves. <lmm) but 
only few vesicles filled with secondary calcite. No 
phenocrysts 

1 not 

Arch. Size & shape 

similar to DR11-1 but slightly more altered. Some 
rusty veins and more vesicles filled 

Rock type 

Y 

dating 
not 
sawn to 
save 

Y well 
suitable 
for GC 
and age 
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I ~ s t y  veins 

I I 

DR11-4 2x3 cm similar to DRI 1-1 

DRI 1-5 20x30 cm, fragment of lapillituff (up to 1cm large basaltic 
subrounded Iapili). Lapilli all composed by one kind of rock: 

aphyric, dark-grey, highly vesicular lava (all 
vesicles < Imm). Most lapilli show up to 1 cm 
yellow alteration rim (palagonite?). Some have still 

sawn to 
save 
material 
not 
sawn to 
save 
materail 
fresh 
glass 
suitable 
for 
EMP? 

STATION DR12: Central Pukaki Bank 
Pancake-like structure, central Pukaki Bank 
Dredge on bottom: UTC 16/02/03 09:23 hrs, lat 49'14.12 S, long 171'46.36 E, 89 m depth 
Dredge off bottom: UTC 16/02/03 09:36 hrs, lat 49'14.05 S, long 171'46.17 E, 80 m depth 

ver/ few liffle rocks, no sedimenf 

1 microphenocrysts (probably fresh olivine) 
DR12-2 1 1 0 x 5 ~ 2  cm 1 similar to DR12-1 / Y 1  

DR12-1 

STATION DR13; Central Pukaki Bank 

Mn G N S  

10x4 cm fragment 

DR12-3 
DR12-4 
DR12-5 

Small NE-SE elongated cone 0,5 nm north of DR12, SE-flank 
Dredge on bottom: UTC 16/02/03 10:13 hrs, lat 4Y13.90 S, long 171'46.63 E, 126 m depth 
Dredge off bottom: UTC 16/02/03 10:28 hrs, lat 4gol3,76 S, long 171'46.43 E, 120 in depth 

N o t e s  Sample  
a 

fhree liftle i 
Sample 
# 
DR13-1 

DRI 3-2 

DR13-3 

T S  

black, vesicular basaltic lava (?). Numerous rusty 
veins cut through the rock and make him appear 
as densely packed lapillituff. Basaltic material 
between the veins looks fresh. Vesicles are not 
filled. Lava is almost aphyric with only 

fragment 
3x4 cm 
3x4 cm 
2x1 cm 

;ks and some sedi~ 
S ize  & s h a p e  

Arch. Size & shape 

similar to DR12-1 
similar to DR12-1 
similar to DR12-1 

10x9~2 cm 
fragment 

Rock type 

Y 

nf in tube 
Rock  type 

lapillituff. Most lapilli particles range in size from 
0,5 cm to mm size. 75% are dark-grey, relatively 
fresh vesicular ( 4 m m  vesicles) basalt fragments 
(possibly containing some glass), 25% are 
brownish-yellow vesicular basalt fragments which 
are heavenly altered (palagonized). Both Rinds are 
aphyric. There is almost no matrix, particles are 
densely packed. 
lapillituff. In general similar to DR13-1 but 
fragments are up to > 1cm in size and the 
brownish-yellow, heavenly altered lapilli make up 
more than 60%. 
similar to DR13-2 

Y 

"ich. G N S  M n  Notes  

not 
sawn to 
save 
material 
for GC 
picking 

STATION DR14: Central Pukaki Bank 
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Pancake-like volcanic structure, small scarp on SE flank 
Dredge on bottom: UTC 16/02/03 11:52 hrs, lat 4Y19.56 E, long 171'48.77 S, 177 m depth 
Dredge off bottom: UTC 16/02/03 12:15 hrs, lat 49'19.45 E, iong 17Io48.51 S, 76 m depth 

composed of two different layers with sharp 
border. One is a brown-yellow tuff with most 
particles heavenly altered, the other layer is 
composed of dark-grey particles with possible 
glass rims (?). Lapilli in both layers seem to have 
similar lithology (aphyric, microvesicular basalt) 

three rocks, no sedirnent 

1 but differ in alteration state 
1 fragment of lapillituff. Similar to DR14-1 but slightly 1 1 1 more altered and lapilli particles in general slightly 1 1 1 

No tes  Sample  
# 

STATION DR15: Central Pukaki Bank 

Size & shape 

1 larger. 

Same structure as DR-14,150 m south 
Dredge on bottom: UTC 16/02/03 13:OO hrs, lat 4Y19.65 S, long 171'48.79 E, 128 m depth 
Dredge off bottom: UTC 16/02/03 13:20 hrs, lat 49'19.50 S, long 171Â°48, E, 62 m depth 

I I I 

few liiile m 
Sample 
# 
DR15-1a,b 

DR15-2 

DR15-3 
DR15-4 

Rock type 

DR14-3 1 15x10~5 cm 1 similar to DR14-2 but even a little bit more altered 1 1 

's and sedirnent in tube 

T S  

10x12~6 cm 

15x10~5 cm 

20x12~6 cm 
5x8 cm 

STATION DR16: Central Pukaki Bank 

G N S  Arch. 

An Size & shape 

Pancake like structure, approx, 0,5 nm west of DR14 and DR15, southern slope 
Dredge on bottom: UTC 16/02/03 14:39 hrs, lat 49'19.48 S, long 171'47.29 E, 128 m water depth 
Dredge off bottom: UTC 16/02/03 .,,,. 

Mn 

Notes 

suitable 
for GC 
and 
possibl! 
age- 
dating 

Rock type T S  

fragment of lapillituff containing one 6~5x5  cm 
large basaltic clast (DR15-Ia). Clast is dark-grey, 
only moderately altered aphyric but vesicular (< 
1mm ves.) basalt cut by some thin cracks. Ground 
mass/ microphenocryts olivine seems oxidised, 
some plagioclas needles reach almost phenocryst 
size. Surrounding lapillituff (DR15-1b) appears 
similar to tuff of former dredge site DR14 with 
some fresh glass (very little) in the dark-grey 
vesicular basalt. 
fragment of lapillituff with up to cm size dark-grey 
to brownish lapilli in a yellow-brown palagonitised 
matrix. Some lapilli are relatively fresh, vesicular 
basalt with possible fresh glass. One 2x2 cm 
moderately altered, highly vesicular large lapilli 
seems tobe similar to DR15-1a 
fragment of lapillituff simiiar to DR15-2 
fragment of iapiilituff similar to DR15-2 with 1,5 X 2 
cm large basaltic clast similar to DR15-1a 

Arch. 

Y 

Y 

G N S  

Y 


