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Pleistocene glaciomarine sediments of the Kisbee Formation, Wilson River, 
southwest Fiordland, and some tectonic and paleoclimatic implications
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Abstract  Fossiliferous sediments of Kisbee Formation 
(new name) preserved in the Wilson River east of Puysegur 
Point, southwest Fiordland, are interpreted as filling a subma-
rine canyon that was incised 160 m into Ordovician metasedi-
ments. The formation reflects deposition in quiet, deep cold 
water beneath floating ice, transitional into shallower water 
adjacent to an ice-marginal environment. The macrofauna 
and nannoflora indicate deposition within Castlecliffian time, 
somewhere between 0.5 and 1.2 Ma, at depths estimated to 
range between 50–150 and >200 m. A sequence of marine 
terraces adjacent to the Wilson River is correlated to global 
sea-level records, constraining the local uplift rate to 0.57  ± 
0.04 mm/yr and the minimum age for Kisbee Formation to 
0.69 Ma. If, as seems likely, the Matuyama-brunhes paleo-
magnetic transition lies within the mapped section, Kisbee 
Formation is older than 0.78 Ma at the the base, and Limopsis 
lived in >200 m of water.

Keywords Southwest Fiordland; Kisbee Formation; glaci-
omarine; marine terraces; Zygochlamys; nannofossils; Castle-
cliffian; Pleistocene; Quaternary uplift; paleoenvironment; 
new stratigraphic name

IntroductIon

Fossiliferous Pleistocene marine and glaciomarine sediments 
were discovered in the Wilson River gorge, east of Puyse-
gur Point, southwest Fiordland (Fig. 1) during fieldwork in 
2004 for the QMAP 1:250 000 geological mapping project. 
The sediments are underlain, and surrounded by, Paleozoic 
metasediments exposed beneath a basal erosion surface. 

The sediments are significant because their age, provenance, 
and depositional environment can be determined, and they 
have a clear spatial relationship to adjacent uplifted marine 
terraces. In this paper, we describe and interpret the Kisbee 
Formation. an in-depth study of the surrounding southwest 
Fiordland marine terrace sequence remains to be done. 
 These spectacular flights of marine terraces, which extend 
around the southwestern and southern coast of Fiordland 
(bishop 1985, 1986, 1991; Ward 1988; Turnbull & uruski 
1995; Kim & Sutherland 2004) are the result of Quaternary 
uplift. The only direct control on the age and uplift rates of 
these terraces comes from cosmogenic nuclide (26al, 10be) 
dating of exposed bedrock and boulders on the lowest (70  ± 
8 m altitude) terrace near West Cape (Fig. 1), 35 km north of 
the Wilson River. These data show that this lowest terrace is 
likely to have formed during the last interglacial period at 
c. 120 ka (Kim & Sutherland 2004). 
 Kisbee Formation sediments are known only from within 
the Wilson River gorge (Fig. 1, 2): traverses of the nearby 
Kiwi Burn, Gold Burn, and Coal Burn (see Fig. 3, 4); the 
old Kisbee–Golden Site tramway; helicopter stops on most 
upstanding knobs on adjacent terraces; and information from 
bishop (1986) have revealed no further outcrops. More may 
remain to be discovered in the gorge beneath thick bush cover 
or in side creeks, and we present Fig. 2 as a reconnaissance 
map only. Traverses of the many other gorges incising marine 
terraces between West Cape and Green Islets (Fig. 1) as part 
of the QMAP project have failed to find any similar deposits, 
so the Kisbee Formation appears to be unique. The Kisbee 
Formation allows constraints to be placed on regional uplift 
history, and provides a stratigraphic section that may provide 
a record of events during a key period of time (0.5–1.2 Ma) 
for paleoclimate studies.

GeoloGIcAl settInG oF KIsbee FormAtIon

The sediments, here named Kisbee Formation (see below), 
are located in the middle reaches of the Wilson River, 3–4 km 
south of Kisbee bay, which lies on the south shore of Preser-
vation Inlet (Fig. 1). For most of its length, the river flows in a 
gorge, up to 180 m deep, eroded into Ordovician Preservation 
Formation metasediments and Cretaceous Revolver Pluton 
granite (Turnbull et al. 2005). Preservation Formation consists 
of variably schistose sandstone and mudstone, with bedding 
still visible in some outcrops (Benson 1934). Quartz veining 
associated with regional biotite zone (greenschist facies) 
metamorphism is sporadically developed. To the east, the 
Revolver Pluton has superimposed a contact metamorphic 
aureole of cordierite-hornfels facies on the metasediments. 
To the west, mid-Cretaceous Puysegur Group and Eocene–
Oligocene balleny Group sedimentary rocks also rest uncon-
formably on Preservation Formation (bishop 1986).
 around the Wilson River forks, the valley is wider, where 
it has preferentially removed the softer Kisbee Formation 

G06012; Online publication date 17 July 2007 
Received 29 May 2006; accepted 21 May 2007



New Zealand Journal of Geology and Geophysics, 2007, Vol. 50194

(Fig. 2). Kisbee Formation is exposed in river banks and 
slips in both branches of the river, and in smaller outcrops in 
dense bush on the valley sides. Kisbee Formation sediments 
rest in marked angular depositional unconformity on Preser-
vation Formation. an outcrop of cemented gravelly sand in 
fissures in basement within the Wilson River gorge below the 
forks (b46/246323) is unlike the modern river gravels and 
is inferred to be a correlative of Kisbee Formation. another 
probable correlative outcrop occurs on the access track down 
to the old Golden Site gold mine, 2 km southwest of the main 
outcrop, around grid ref. NZMS 260 b46/235319 (Fig. 2). 
Further northern and southern extensions of the unit cannot 
be confirmed because of Quaternary gravel cover or lack of 
outcrop on terraces, but we note the presence of basement 
outcrop in the Gold burn, just south of the area shown in 
Fig. 2.
 The distribution of Kisbee Formation relative to Pres-
ervation Formation shows that the former occurs within a 
steep-sided depression near the present-day Wilson River 
forks (Fig. 3), with an additional outcrop down the Wilson 
River gorge. The basal unconformity is clearly exposed in 
the east branch of Wilson River at b46/251328 and in the 
north branch at b46/250331. underlying metasediments are 
hard and fresh, with cemented pebbly sandstone infiltrating 
into cracks and hollows in the surface. In the north branch, 
massive and pebbly siltstone can be seen abutting and then 
overlapping a steep erosion surface with up to 5 m of local 

relief. The surface of the underlying metasediment is rough 
and jagged with numerous fissures.
 The depression within which the Kisbee Formation is 
exposed is closed to the southeast, and apparently to the 
northwest, by higher basement outcrops (Fig. 2), although the 
total extent of the formation is partly concealed by overlying 
terrace gravels. The steep contacts seen or inferred between 
Kisbee and Preservation Formations are matched by the V-
shaped profile of the Wilson River gorge. The apparent closure 
of the basin, and the lack of paleotopographic connection with 
(for example) Revolver Bay argue against a paleo-fiord origin 
for the depression. 
 although the formation is now preserved mainly in the 
Wilson River valley, the presence of similar sediments above 
the Golden Site mine (see Fig. 2), and of cemented gravelly 
sand in the bottom of the narrow gorge below the forks at 
b46/246323 (Fig. 2), suggests that the unit was formerly 
more extensive. The only outcrops found along and beside 
the Kisbee–Golden Site tramway (Fig. 2) are of till (see also 
bishop 1986), rounded boulders, or Preservation Formation 
southeast of Kisbee bay and north of The Knob. Traverses 
of the incised gorges of the Coal Burn, Gold Burn, and Kiwi 
burn southeast from the Wilson River showed them to be cut 
in granite and/or Preservation Formation.
 A flight of uplifted marine terraces, with surfaces at 50 
± 10, 70 ± 10, 110 ± 10, 170 ± 20, 210 ± 20, 280 ± 20, and 
340 ± 20 m altitude, is incised into bedrock surrounding 

Fig. 1 location of Kisbee For-
mation and summary geology of 
the area south of Preservation Inlet. 
boundaries of NZMS 260 map 
sheets are indicated.



Turnbull et al.—Glaciomarine Kisbee Formation, SW Fiordland 195

the Wilson River (Fig. 4). Other less well defined surfaces 
lie still higher. These terraces formed by marine planation 
and retain relict coastal features such as fossil sea cliffs and 
stacks (bishop 1985; Ward 1988). Sandy to bouldery gravels 
interpreted to be beach deposits are discontinuously preserved 
and exposed. a blanket of these gravels rests on both Kisbee 
Formation and Preservation Formation at the lip of the terrace 
north of the east branch, between b46/254328 and 263328 
(Fig. 2). The terrace surfaces are overlain by poorly drained 
peaty soil and covered by stunted scrub and tussock. Risers, 
the sloping surfaces between terraces, and gorges incised 
into terraces, are more densely vegetated with mixed beech 

and podocarp forest. The present-day land surface above the 
Wilson River gorge and surrounding the Kisbee Formation 
is one of the highest of these terraces (Fig. 3, 4), and slopes 
southwestward from 360 to 300 m altitude over a distance 
of c. 3 km. The surface has been partially eroded by fluvial 
action but preserves fossil  stacks such as The Knob (389 m). 
We interpret the strandline of the terrace adjacent to Kisbee 
Formation to have an altitude of 340 ± 20 m. Northeast from 
the forks around b46/254330, poorly exposed sandy gravel 
on a heavily bushed slope is inferred to be old alluvium within 
the Wilson River valley, lying below the 340 m terrace surface 
and above modern Wilson River alluvium.

Fig. 2 Geological sketch map of Kisbee Formation, showing its mapped and inferred distribution, and control outcrops visited or closely 
inspected from a helicopter. The marine terraces have intermittent exposure of bedrock, mainly as fossil stacks, or bouldery to sandy gravel 
deposits inferred to be of marine origin; gravel outcrops visited are indicated by “G”. Preservation Formation is continuously exposed 
downstream from the Wilson River forks, and upstream from the Kisbee Formation contact in the east branch.
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Fig. 3 aerial view looking southeast over the extensive marine terrace surrounding the Wilson River forks. Kisbee Formation is restricted 
to the valley of the Wilson River, and is well exposed in the dark face (centre). Scrubby vegetation mantles the terrace surface, and dense 
forest is in the gorge. (Photo: Lloyd Homer.)

 The observed terrace strandlines, which are inferred to 
represent ancient shorelines at times of highstand sea levels, 
are interpreted on the basis of field and airphoto evidence, and 
heights were determined from NZMS 260 (1:50 000 scale) 
spot heights and interpolation from 20 m contours. Interpreta-
tion of strandline elevation is usually complicated by burial of 
strandlines by mass movement deposits from older terraces.

strAtIGrAphy

KIsbee FormAtIon (new)
definition: unconsolidated to slightly consolidated, marine 
to probable marginal marine, glacial and fluvioglacial sedi-
ments preserved in and adjacent to the Wilson River gorge, 
southwest Fiordland.
age: Castlecliffian (Pleistocene), between 1.2 and 0.5 Ma.
name: From Kisbee bay and Kisbee lodge on Preservation 
Inlet, 3 km to the north.
type section: a composite on both banks of the north branch 
of the Wilson River from b46/250331 to b46/253332. ex-
posure is discontinuous.

sedImentoloGy

Kisbee Formation includes several distinct lithofacies, 
ranging from laminated mud to sand, pebbly gravel, and 
gravelly to silty unsorted till. These grade both laterally and 
vertically into each other; coarse facies are best developed in 
the north branch of the Wilson River. Outcrops in the eastern 
branch and above the Golden Site mine are dominated by 
mud.

mud lithofacies
Outcrops in the east branch of the Wilson River (Fig. 5), and 
most of the outcrops in the north branch, are composed of 
millimetre-laminated to massive blue-grey to silvery grey 
mud (rarely clay), with bands of pebbles and scattered drop-
stones. The mud is soft, plastic, readily eroded, and can be 
peeled apart along lamina surfaces. This lithofacies is at least 
80 m thick; the base is not exposed except at b46/250331 
where it rests on Preservation Formation. Sparse macrofossil 
material, mostly fragmentary but including whole single bi-
valve valves (appendix 1), is scattered through the basal few 
metres of visible outcrop in both branches. both macrofossils 
and dropstones diminish in abundance upwards. Drag marks, 
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Fig. 4 Aerial view looking northwest across the flights of marine terraces south of Preservation Inlet, toward the fossil stack of The Knob 
(upper right). Figures indicate heights of terrace treads above sea level (see Fig. 8). (Photo: Lloyd Homer.)

Fig. 5 Mud outcrop on the north 
bank of Wilson River east branch, 
at b46/253329; pack (left) for scale. 
Fossils occur over a 1–2 m interval 
at the level of the pack. Parallel 
millimetre-scale lamination and 
metre-scale bedding are prominent, 
with occasional dropstones (above 
right from pack). The uppermost 
visible and overlying sediments 
are coarse sand.

current parting lineation, and trace fossils can be found on 
freshly exposed bedding surfaces.
 In the main east branch outcrop (Fig. 5), the mud litho-
facies is overlain by sand attributed to Kisbee Formation 
(see below). elsewhere the mud continues upward to the 
lip of the 340 m terrace, where it is erosively overlain by 
younger bouldery sandy gravel of possible marine origin 
(e.g., in the east branch at b46/254328). This same gravel 
cover extends eastward to overlie Preservation Formation. In 
the north branch outcrops, the mud is metre-bedded (Fig. 6) 

with  massive beds separated by millimetre- to centimetre-
thick sandy or pebbly bands. Dropstones range from granule 
to boulder (av. pebble) size, with some up to a metre across 
(Fig. 6), and vary from well rounded to angular. Dropstone 
lithologies are dominated by locally derived Preservation 
Formation and Revolver Pluton coarse to megacrystic granite, 
but also include diorite and rare gabbro and biotite gneiss, 
indicating a wider provenance; similar lithologies have been 
mapped to the north and east (Turnbull et al. 2005). a few 
striated dropstones were found.
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 Massive to millimetre-laminated, soft to firm blue-grey 
mud, exposed at b46/235323 in the access track down to the 
Golden Site mine in the Wilson River (Fig. 2), is interpreted 
as an equivalent lithofacies forming an outlier of Kisbee 
Formation. It rests unconformably on Preservation Formation 
metasediments and is topographically lower than outcrops of 
clayey massive silt with rounded pebbles, inferred to be till, 
exposed in tramway cuttings to the north at b46/234327, but 
not seen in contact with the mud below. Whether this material 
is part of the Kisbee Formation or a younger glacial deposit 
is not yet known.

sand lithofacies
Sand overlies mud in the main east branch outcrop, and also 
dominates a 50 m high slip west of the Wilson River forks at 

b46/248330. The sand is massive to plane-parallel millimetre-
laminated, fine–coarse-grained, loose, lithic, rarely contains 
mud or clay laminae, and coarsens upward into sandy gravel. 
Rare trough cross-laminated beds up to 0.5 m thick occur west 
of the forks but have not been seen in the east branch. Neither 
dropstones nor fossils have been seen.

conglomerate
Outcrops of conglomerate extend from b46/253332 to 254333 
in the north branch, at the same height and c. 200 m upstream 
from the mud lithofacies but not seen in contact with it. They 
are composed of plane-parallel to trough cross-bedded gravel 
and variably limonite-cemented and clay-bound sandy pebble 
conglomerate of probable fluvial origin. Some beds are mud 
dominated and poorly sorted, although separated by  laminated 

Fig. 6 Metre-bedded mud with 
one large and numerous smaller 
dropstones, in north branch of Wil-
son River at b46/252330. Thinner 
interbeds are slightly sandier with 
discontinuous millimetre-thick 
sand laminae.

Fig. 7 Massive, poorly sorted 
pebbly sandstone, interbedded with 
laminated silt of possible fluviogla-
cial origin, in north branch of Wil-
son River at b46/253332. hammer 
head 160 mm long. Clasts include 
metasandstone, quartzite, fine- and 
coarse-grained granite, diorite, and 
gneiss; c. 5% are striated.
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intervals, and may be till (Fig. 7). bedding over a 4 × 2 m 
face at b46/254333 is distorted, possibly by ice-contact de-
formation; the scale of deformation (2 × 5 m) is larger than 
would be expected in simple channel margin slumping. a 
log of wood 0.5 m long × l5 cm diameter, not coalified, was 
recovered from the poorly sorted conglomerate but has not 
yet been identified. 
 Clasts are predominantly locally derived Preservation 
Formation and Revolver Pluton, with minor components of 
fine–coarse-grained mafic plutonics, biotite and quartzofeld-
spathic gneiss, biotite-muscovite schist, and amphibolite. 
Although no clasts derived from the Cretaceous and Cenozoic 
sediments exposed to the west (see Fig. 1) have been identi-
fied, six species of reworked calcareous nannofossils indicate 
a connection to areas of eroding Cenozoic rocks  (Appendix 
2), and the log suggests that at least some of the adjacent 
hinterland was ice free.

FossIls 

Two thin beds (5–10 cm thick) near the base of the mud 
lithofacies exposures upstream from the Wilson River forks in 
the east and north branches, respectively (at b46/253329 and 
b46/252331), are sandier than the enclosing mud, and they 
contain common molluscan and rare brachiopod macrofos-
sils. In another north branch outcrop, one of these thin, sandy 
beds (unfossiliferous at this site) cuts across the bedding of 
the underlying mud at a low angle, indicating that the sandier 
beds were deposited as the coarse-grained bases of shallow 
channel fills. The surrounding mud for several metres above 
and between the thin sandy beds contains rare, scattered, 
small molluscan fragments from species representing a wide 
variety of environments, from estuarine mud flats and rocky 
shores to the inner continental shelf. 
 The fauna of the sandier beds is dominated by single valves 
of the subantarctic scallop Zygochlamys delicatula (hutton, 
1873). all other species listed in appendix 1 are uncommon 
to rare, and are represented only by fragments. The combina-
tion of fragments of shallow-water taxa, such as the estuarine 
“cockle” Austrovenus stutchburyi (Wood, 1828) in the sur-
rounding matrix, with the deep-water scallop Z. delicatula in 
the sandy beds, indicates that almost the entire fauna of the 
thin sandy beds and their surrounding mud was transported 
into the deposition site. The only in situ fauna was observed 
and collected at the same two sites where the fauna of the 
sandier beds was collected, and consists of sparse articulated 
specimens of Limopsis turnbulli (beu 2006) in the surround-
ing mud.
 as the Kisbee Formation is essentially non-calcareous, the 
matrix within the articulated calcareous shells of Limopsis 
turnbulli provided the only source of nannofossils. a small 
assemblage of 20 taxa was recorded after a lengthy search. 
Most of the specimens are fairly well preserved and suggest 
derivation from a wide range of environments. For further 
details see appendix 2.

AGe

The presence of Zygochlamys delicatula (beu, appendix 1) 
indicates that Kisbee Formation is not older than early Nu-
kumaruan Stage (2.4–1.6 Ma), as this species appeared in the 
New Zealand area at the base of the Nukumaruan (beu 2004, 

p. 216). Its immediate ancestor (Z. whenuataruensis Jonkers 
2003, p. 54; proposed as Psychrochlamys whenuataruensis) 
occurs in the Waipipian–Mangapanian (3.60–2.4 Ma) Whenu-
ataru Tuff on northern Pitt Island, Chatham Islands.
 Calcareous nannofossils (Edwards, Appendix 2) indicate 
an early–middle Castlecliffian age of deposition, c. 1.2–0.5 
Ma, within the Helicosphaera carteri Zone; that is, the in-
terval after the extinction of Helicosphaera sellii (mid Chron 
C1r.2r, 1.2 Ma) but before the extinction of Pseudoemil-
iania lacunosa (MIS 12, c. 0.45 Ma)—see edwards (1982), 
Thierstein et al. (1977), and Sblendorio-levy & howe (1998). 
The biostratigraphically useful taxa Calcidiscus macintyrei 
(which has a basal Castlecliffian extinction), Gephyrocapsa 
sinuosa (a small but robust late Nukumaruan taxon), H. 
inversa (perhaps indicating a slightly older upper age limit, 
say 0.55 Ma), and Reticulofenestra asanoi are absent or not 
observed. The latter is a distinctive Pleistocene coccolith (see 
appendix 2); its non-recognition is thought to be due to a 
combination of its rarity in the New Zealand region and the 
low diversity of this flora.

tectonIc uplIFt rAte

The model used here to estimate regional uplift rate contains 
several assumptions. We assume that uplift at a constant 
rate has interacted with fluctuating sea level to create the 
observed terrace sequence. The orbitally tuned composite 
oxygen isotope record from the VeMa-19-30 and ODP 677 
cores (Shackleton & Pisias 1985; Shackleton et al. 1990) 
is used to correlate each terrace with sea-level high-stand 
events and hence assign ages of terrace formation (Chappell 
& Shackleton1986). We use the oxygen isotope values to 
compute paleosea level, assuming a linear correlation between 
the isotope concentration and sea level, a linear correlation 
between sea level and deep-water temperature, and ignoring 
any effects of changing salinity (possibly from cold glacial 
meltwater plumes). This leads to an isotopic enrichment fac-
tor of 0.012‰ per metre of glacio-eustatic sea-level change 
and a mean interglacial value of 3.4‰ to yield the observed 
glacial–interglacial sea-level amplitude of c. 130 m. a close 
correlation between paleosea level and oxygen isotopic value 
for these records has been demonstrated previously (Shack-
leton 1987; Pillans et al. 1998). The maximum temperature 
component of the isotopic fractionation is c. 0.4‰, equivalent 
to c. 2°C of temperature or c. 30 m out of the total amplitude 
of 130 m of sea-level change between fully glacial and inter-
glacial conditions (Shackleton 1987; Pillans et al. 1998). The 
height of the marine isotope stage (MIS) 5 sea level is taken 
as 3 m (Lambeck & Chappell 2001).
 The eustatic heights of ancient highstand sea levels used in 
our calculations are inferred on the basis of published discus-
sions and references therein (Cutler et al. 2003; Siddall et al. 
2006). It is difficult to formally assess the uncertainty in these 
inferences; typically, estimates of past interglacial sea levels 
fall in a range of ±10 m or less, but uncertainty increases with 
age (Siddall et al. 2006).
 Our preferred correlation for the terrace sequence is shown 
graphically in Fig. 8 and listed in Table 1a; Table 1b gives 
possible alternative correlations. Figure 8 shows that some 
of the terraces were re-occupied or recut during subsequent 
sea-level high-stand events. Our preferred correlation yields a 
mean uplift rate (95% confidence interval) of 0.57 ± 0.04 mm/
yr, and the alternative correlation yields a mean uplift rate of 
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Fig. 8 Visual comparison be-
tween observed (shaded horizontal 
lines) and predicted (shaded jag-
ged line) terrace strandlines. The 
prediction is based upon applying 
a constant uplift rate of 0.57 mm/yr 
to a eustatic sea-level curve (black 
jagged line) that was constructed 
using the scaling and interpola-
tion scheme of Cutler et al. (2003) 
on oxygen isotopes of benthic 
foraminifera from cores V19–30 
and ODP 677 (Shackleton & Pis-
ias 1985; Shackleton et al. 1990). 
The thickness of the shaded lines 
is scaled to show an uncertainty 
of ±10 m. The elevation range and 
inferred age constraints of MIS 
22–15 for Kisbee Formation are 
indicated by the dashed box.

table 1A Preferred correlation between terrace elevations, isotope stages, ages, sea levels, and derived uplift rates.

Strandline 
elevation (m) MIS age (ka)

Sea level
(m)

uplift
(m)

uplift rate
(mm/yr)

Residual 
elevation* (m)

50  5c 101 –14 64 0.63 7
70  5e 120 3 67 0.56 –1

110  7 210 –8 118 0.56 –1
170  9 325 0 170 0.52 –15
210 11 405 0 210 0.52 –20
280 13 480 0 280 0.58 7
340 15 565 0 340 0.60 19
*Observed minus predicted, assuming constant uplift rate of 0.57 mm/yr.

table 1b alternative correlation between terrace elevations, isotope stages, ages, sea levels, and derived uplift 
rates.

Strandline 
elevation m) MIS age (ka)

Sea level
(m)

uplift
(m)

uplift rate
(mm/yr)

Residual 
elevation* (m)

50  5a 76 –24 74 0.97 20
70  5c 101 –14 84 0.83 12

110  5e 120 3 107 0.89 22
170  7 210 –8 178 0.85 29
210  9 325 0 210 0.65 –21
280 11 405 0 280 0.69 –8
340 13 480 0 340 0.71 –1
*Observed minus predicted, assuming constant uplift rate of 0.71 mm/yr.

0.80 ± 0.11 mm/yr (Table 1A,B). The confidence limits for 
mean uplift rates are inferences based on the variability of 
the individual determinations, assuming that the correlation 
is correct. Data for strandline heights and past sea levels are 
inadequate for any attempt at analysis of variance. The sum 
of the squared elevation residuals, where each residual is 
defined as the observed strandline elevation minus the eleva-
tion predicted assuming a constant uplift rate, is minimised by 
uplift rates of 0.57 and 0.71 mm/yr, respectively. Minimised 

residuals fall in the range –20 to +19 m for the preferred 
correlation, and –21 to +29 m for the alternative correlation. 
These residuals are broadly consistent with uncertainties of 
c. ±10 m for both the strandline heights and ancient inter-
glacial sea levels.
 Our preferred correlation is supported by: (1) the better 
fit of the terrace elevations to a model with constant uplift 
rate (above); (2) the well-developed nature of the MIS 5e 
terrace, which is typically well developed elsewhere in New 
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Zealand and overseas; (3) local spatial correlation with a 
well-developed terrace of indistinguishable elevation that 
has been independently dated 35 km to the northwest (Kim & 
Sutherland 2004); and (4) the preferred spatial correlation of 
Ward (1988) with the Waitutu terrace sequence 20 km farther 
east, where he considered relationships with glacial outwash 
surfaces. a correlation of the 50 m terrace with MIS 5e was 
rejected because the fit of the terrace sequence to a constant 
uplift rate model was substantially worse, and the limited 
extent of the 50 m terrace (see Fig. 8) is not consistent with 
observations listed above.

deposItIonAl model For KIsbee 
FormAtIon

Present-day topography in southwest Fiordland comprises 
the onshore terrace sequence rising more than 300 m over 
c. 5 km inland, and an erosion-dominated offshore shelf, with 
Cenozoic rocks exposed on the seabed, extending offshore 
for 10–12 km to a depth of c. 150 m. The seafloor then falls 
more steeply southwestward to 300 m over a further 3–4 km, 
where there is bathymetric and seismic evidence for active 
and fossil submarine canyons (Sutherland et al. 2006). It 
follows from this observed topography that coastal and shal-
low marine erosion removes significant volumes of material 
during the full 130 m range of sea-level fluctuations: river 
gorges and submarine canyons, respectively, incise regions 
above and below the shelf and, combined with along-shore 
current transport, provide the conduits that move material to 
deep-water depositional basins.
 Similar processes and shelf geometry presumably applied 
in the past; therefore, we suggest the following depositional 
model for the Kisbee Formation:
(1) a submarine canyon (or more likely, canyons) was cut off 

the southwest Fiordland coast prior to c. 880 ka;
(2) an erosional submarine shelf was subsequently cut across 

the canyon and surrounds;
(3) the canyon was filled with sediment as this shelf was 

eroded, between c. 880 ka and possibly as recently as 
565 ka;

(4) basal Kisbee sediments were deposited in water deeper 
than the incision depth of the canyon (probably c. 150–
300 m, from faunal evidence);

(5) initial cutting of the shelf, and canyon filling, occurred 
during low-stand but nevertheless marine conditions, at 
least partly beneath floating ice;

(6) this ice floated slightly above the shelf, and carried drop-
stones and recycled nannofossils derived from the north 
or east;

(7) the marine shelf (now the 340 m terrace) surrounding 
Kisbee Formation was abandoned during highstand condi-
tions at c. 565 ka;

(8) the entire terrace sequence, together with the Kisbee 
Formation, has since undergone steady uplift at 
0.57 ± 0.04 mm/yr.

This model implies that the Matuyama-brunhes  paleomagnetic 
transition could exist within the Kisbee Formation section, 
though it is possible that all the sediments are younger than 
this transition. a paleomagnetic test on the base of the section 
would thus provide useful paleobiogeographical constraints: 
if it is normally magnetised, then Limopsis could survive in 
50–150 m water depth; if it is reversely magnetised, then the 

calcareous nannofossil Reticulofenestra asanoi is absent for 
an observational or unknown biogeographical reason, and a 
120–300 m depth of deposition is implied. In our opinion, the 
latter estimate is the more likely.

conclusIons

Kisbee Formation is a rare deposit of mid-Pleistocene sedi-
ments that can be directly related to one of the most complete 
marine terrace sequences in the South Island. Paleontological 
constraints on the age of Kisbee Formation, combined with a 
nearby cosmogenic isotope study on marine terraces, provide 
a correlation between terrace morphology and global sea-level 
records, and hence an uplift rate of 0.57 ± 0.04 mm/yr.
 Our depositional model for Kisbee Formation requires 
that the Wilson River has exploited a pre-existing submarine 
canyon some 160 m deep, which has since been infilled and 
then uplifted. The depositional model may also require some 
revision to the interpreted living depth of the fossil bivalve 
Limopsis, or possibly to the known age range of a calcare-
ous nannofossil. These hypotheses could be tested through 
paleomagnetic analysis, because the modelled age crosses the 
Matuyama-brunhes transition.
 Finally, we have identified a 160 m thick section of lami-
nated Pleistocene  sediment that is likely to contain a high-
resolution paleoclimate record that may be precisely dated 
through the use of calcareous nannofossils, paleomagnetism, 
and its relationship to the terrace sequence.

note in proof: The integrated stratigraphies of ODP holes near 
Tasmania (Stickley et al. 2004) allow the age of Pleistocene 
nannofossil events (Stant et al. 2004) at each site to be estimated and 
compared. at Subantarctic site 1171 the last occurrence of R. asanoi 
is a late Matuyama event similar in age to its accepted world ocean 
age of c. 0.9 Ma (Sato & Takayama 1992). In marked contrast, this 
bioevent (or, more likely, that of an unnamed smaller-sized relative) 
has an age of 0.52 Ma within MIS 13 at northernmost Subantarctic 
(c. 150 km south of the Subtropical Front) site 1170 and a slightly 
older age of about 0.53 Ma at cool Subtropical (east australian 
Current) site 1172. This situation indicates the limited value at 
present of age assignments based on the absence of R. asanoi.
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AppendIX 1 Macrofauna of Kisbee Formation.

a. G. beu
The macrofauna of Kisbee Formation was observed and collected 
at two sites: GS15538, b46/f173, b46/253329, from slips on the 
true right bank of the Wilson River east branch, 100 m downstream 
from small clearing; and GS15539, b46/f174, b46/252331 (a 
and b, respectively, Fig. 2) from a slip on the true left bank of 
the Wilson River north branch. The initial appearance of the two 
outcrops and faunas was similar, although Zygochlamys delicatula 
was more common at the east branch outcrops and the diversity 
of the macrofauna (scattered fragments in mud) was greater in the 
north branch. The fauna is as follows (s indicates collected from 
the thin sandy beds):

Mollusca, bivalvia:
Zygochlamys delicatula (hutton, 1873), common, single valves: 
f173, f174 s.
Limopsis turnbulli beu, 2006, sparsely occurring in matrix 
surrounding shellbeds: f173, f174.
Ruditapes largillierti (Philippi, 1849), fragments (including hinges) 
moderately common: f173, f174, some s.
Austrovenus stutchburyi (Wood, 1828), few small fragments: 
f174.
Perna canaliculus (Gmelin, 1791), 1 large umbonal fragment: 
f174.
Pleuromeris zelandiae (Deshayes, 1854), 1 valve: f173.

Mollusca, Gastropoda:
Micrelenchus sp., 1 incomplete: f173 s.

brachiopoda:
Neothyris sp., several large fragments (apparently of 1 valve): 
f173 s.

environment of deposition
The specimens of Zygochlamys delicatula are all small, single 
valves (few >50 mm high), some broken and abraded, and 
evidently, like all other fossils other than Limopsis turnbulli, 
they were transported into the deposition site. The presence 
of Austrovenus (the abundant estuarine “cockle”), Ruditapes 
largillierti (a bivalve living in shallow water in enclosed bays), 
Perna canaliculus (the “green-lipped mussel” of rocky shores), 
Micrelenchus (a small trochid gastropod of rocky shores, estuarine 
flats, and the inner continental shelf), Pleuromeris (a bivalve living 
on the inner to outer continental shelf), and Neothyris (a large, 
free-living brachiopod found in current-swept environments on 
the shelf, such as the Foveaux Strait oyster beds; in fiords; and in 
sheltered shallow waters) indicates that shells were transported into 
the deposition site from a wide range of environments.
 The one autochthonous taxon present, Limopsis, is limited 
to deep offshore mud environments in the New Zealand region 
during late Neogene times, and indicates that deposition occurred 
beyond the shelf edge. The youngest large, shallow-water species of 
Limopsis in New Zealand occur in the Clifden section, Southland, 
of Waiauan age (late middle Miocene), and the last similar, large 
species is L. lawsi King, 1933, in Tongaporutuan (late Miocene) 
moderately deep water mudstone in South Wairarapa and 
Marlborough. Thereafter, only sparse, small, bathyal Limopsis 
species are recorded from New Zealand (beu 2006), and all Recent 
species are much smaller than the one in Kisbee Formation (Recent 
meaning taxa making up the present-day fauna). The thin sandy 
beds in Kisbee Formation evidently represent the bases of very 
shallow channels infilled by sediment transported downslope into 
deeper water, from a wide variety of shallow- and deep-water 
environments. The mud surrounding the channel-fill deposits 
also contains representatives of a wide range of environments, 
from estuaries to the shallow continental shelf, apparently 
representing material transported along with the sediment filling 
the channels.

AppendIX 2 Calcareous nannofossils of Kisbee Formation.

a. R. eDWaRDS
Strew mounts were made of the sediment inside several articulated 
specimens of Limopsis turnbulli obtained from sample b46/f173 
(b46/253329) in the Wilson River valley, southwest Fiordland. 

Most contained few nannofossils and were discarded; only the 
most diverse and best preserved flora so obtained is reported 
here. The taxa identified are listed in Table 2, and their age and 
paleoenvironmental implications are assessed below.

table 2 Calcareous nannofossils in B46/f173.

Taxon age range Comments
Braarudosphaera bigelowi bDt–now 1 segment.
Calcidiscus leptoporus leptoporus mPl–now 3, 7 μm.
Calcidiscus leptoporus subsp. Wn?–now 3, small.
Coccolithus pelagicus pelagicus lWn?–now sparse, small.
Gephyrocapsa spp.? lWc–now rare, no crossbars (see text?).
Helicosphaera carteri wallichi Wn–now sparse, 8 μm.
Micrascidites vulgaris J–now trace, fragments only.
Pontosphaera discopora lTk–now trace, 8–9 μm.
Pontosphaera japonica lTk–now 2.
Pseudoemiliania lacunosa uWo–mWc trace, most circular, 5 μm.
Reticulofenestra sessilis ?Wn–now trace, 5 μm.
Reticulofenestra sp.? (minute) e–now trace + 2 coccospheres.
Scyphosphaera apsteinii uPl–now 2, 12 μm.
Thoracosphaera heimi Sl?–now 1 fragment + 1 operculum.
admixed fraction:
Cyclicargolithus floridanus lar–tSl trace, mostly battered.
Discoaster sp. cf. D. muliradiatus uDt–lDw 1, c. 20 rays, battered, plated.
Reticulofenestra bisecta uab–llw 4, battered, plated.
Reticulofenestra gelida Tt–uWo 4, well preserved.
Reticulofenestra pseudoumbilica mPl–tWo 2, reworked.
Sphenolithus heteromorphus mPl–lrSl 1, typical, well preserved.

abbreviations: ab = bortonian, ar = Runangan, Dt = Teurian, Dw = Waipawan, e = eocene, J = Jurassic, 
Lw = Waitakian, Pl = Altonian, Sl = Lillburnian, Tk = Kapitean, Tt = Tongaporutuan, Wc = Castlecliffian, 
Wn = Nukumaruan, Wo = Opoitian; b = basal, l = lower, m = middle, u = upper, t = topmost, μm = micrometres.

(Text is continued on next page.)
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The nannofossil strew mount analysed contains a small, moderately 
well preserved flora (Table 1) set in a clay-dominated matrix that is 
rich in fine silt and also contains minor amounts of detrital carbon 
and lime mud. at least 13 slightly etched in situ nannofossil taxa 
are present together with other, mostly battered taxa thought to be 
derived from older strata. The silt is angular and may well result 
from penecontemporaneous glacial activity; the carbon is opaque 
(mostly) to dark brown and is almost certainly coal recycled 
from older strata (see below); and the lime mud probably results 
mainly from the comminution of molluscs during their downslope 
transportation to this site.
 This nannoflora apparently results from a wide range of different 
environments. It is interpreted to imply rapid deposition of fine-
grained clastic sediment of glacial origin onto a quiet, fairly shallow, 
seafloor slope under cool unstable coastal waters and adjacent to 
a warmer oceanic water mass (presumably part of an offshore, 
southeastwards flowing, Southland Current). There are several 
reasons for suggesting this scenario. First, the rarity, balance, and 
size distribution (greatest diameter mostly 2–4 μm) of this nannoflora 
suggest both substantial clastic sediment dilution and unfavourable 
environmental conditions such as a vertically well mixed euphotic 
zone. Second, no definite specimens of the ubiquitous Pleistocene 
genus Gephyrocapsa were observed in this sample, but it does 
contain many specimens that differ only in completely lacking 
even a vestige of the bridge so typical of that genus. This situation 
might be due to very subtle groundwater corrosion, but seems more 
likely to result from an in vivo response to tough environmental 
conditions. Third, it has what appear to be strongly contradictory 
paleotemperature indications: a number of specimens of Coccolithus 
pelagicus pelagicus, which prefers cold water (<10°C fide Geisen 
et al. 2002), plus low numbers of the genus Pontosphaera, which 
prefers warm water, and the tropical water indicator Scyphosphaera 
apsteinii (burns 1973). This unusual situation suggests the close 
proximity of two water masses with the offshore one including 
some water derived from an East Australian Current eddy (see map 
in heath 1985). Fourth, this sample also contains fragments of the 
?haptophyte Braarudosphaera bigelowi, a warmish water species 
that prefers areas of lowered salinity; the calcareous dinoflagellate 
Thoracosphaera heimii, perhaps indicating unfavourable nearshore 
conditions; and the aragonitic shallow marine benthic ascidian 
Micrascidites vulgaris, implying rapid transport to, and burial at, 
shelfal or upper bathyal depths.
 In terms of the New Zealand Stage Classification, the age of this 
flora is assessed as being of early–middle Castlecliffian (early–middle 
Pleistocene) age. It conforms to the Helicosphaera carteri Zone—the 
first dominated by modern taxa—defined as the interval between 
the last occurrences of Helicosphaera sellii and Pseudoemiliania 
lacunosa (edwards 1982). Other events known to occur in this 
distinctive zone, but based on taxa not observed in this sample, 
include the first up-sequence appearance (FA) of Helicosphaera 
inversa (high in the middle Castlecliffian) and rare Umbellosphaera 
tenuis (middle Castlecliffian) plus the last up-sequence occurrence 
(lO) of Calcidiscus macintyrei (basal Castlecliffian), Gephyrocapsa 
sinuosa (late Nukumaruan), and Reticulofenestra asanoi (middle 
Castlecliffian). Some or all of these other taxa may be absent for 
various non-biostratigraphic reasons, so the safest interpretation 
of the above information is that it simply indicates deposition 
during a cool climate interlude somewhere within early or middle 
Castlecliffian time before the first appearance of H. inversa. There 
is little prospect of the “gephyrocapsids” present being identified to 

the species level (see below) or of many additional taxa being found. 
Consequently, further age refinement probably largely depends on 
the interpretation placed on the apparent absence of R. asanoi. It is 
normally such a very rare taxon in the New Zealand region that its 
absence cannot be relied on, especially in this sparse flora. A more 
precise and reliable age determination for this sample might be 
feasible if it was studied exhaustively for the presence of R. asanoi or 
if the “gephyrocapsids” it contains could be identified to the species 
level.
 The minimum “international” age suggested by this nannoflora 
is based on the presence of circular specimens of Pseudoemiliania 
lacunosa, which had its last occurrence in the middle of marine 
isotope stage (MIS) 12, c. 0.45 Ma (Thierstein et al. 1977, 
Sblendorio-levy & howe 1998). The minimum age may also be 
constrained by the absence of Helicosphaera inversa, which first 
appears c. 0.1 m.y. before the extinction of P. lacunosa (Sato & 
Takayama 1992). The maximum age is based on the absence of C. 
macintyrei and H. sellii, which had their last occurrences at c. 1.4 and 
1.2 Ma, respectively, below the Cobb event in (Matuyama Chron) 
Clr2 (Sato & Takayama 1992; Sblendorio-Levy & Howe 1998). 
Thus, the age of this sample is likely to be within the 1.2–0.5 Ma 
range.
 The age might be further constrained by the apparent absence of 
Reticulofenestra asanoi, a distinctive short-lived early Pleistocene 
species. Its age range in the world ocean is usually given as being 
within the upper part of the Matuyama Chron from just above the 
Cobb Mountain event to near the middle of C1r.1r (Sato & Takayama 
1992). This implies a total range from about MIS 35 to about MIS 
23, from c. 1.15 to 0.9 Ma. however, in the North atlantic, the lO of 
R. asanoi is high in Chron Clr.1r (Sblendorio-Levy & Howe 1998), 
and in a thick Sea of Japan sequence without obvious reworking it 
is immediately above the base of the Brunhes Chron (Muza 1992, 
p. 164), which would place it low in MIS 19, c. 0.75 Ma. In the 
New Zealand Pleistocene, R. asanoi has a very rare and sporadic 
record (edwards unpubl. data). It occurs in a small H. carteri Zone 
nannoflora in siltstone from the shallow part of the Puysegur Bank, 
offshore from Fiordland. In Wanganui basin, occasional small (4–5 
μm) specimens occur in shallow marine siltstones deposited during 
MIS 21 in the Whangaehu valley, and MIS 25 and the lower part of 
MIS 19 at Castlecliff Beach. There is a particularly important record 
of R. asanoi, consisting of many pristine 6 μm specimens with a 
delicate central grille, in the Pecten layer that occurs low in the 
upper Westmere Siltstone of the Whangaehu valley. It is a correlative 
of the MIS 19 Pecten horizon in the upper Westmere Shellbed of 
Abbott & Carter (1999) at Castlecliff Beach (see Pillans et al. 2005). 
however, the negative evidence provided by the apparent absence 
of R. asanoi should not be used to assess the age of the numerically 
small Kisbee flora.
 a minor part of this assemblage consists of nannofossil taxa 
reworked from older Cenozoic marine strata. Miocene specimens 
are well preserved and their presence suggests that the adjacent 
high ground of southwest Fiordland was formerly at least partly 
capped by early Neogene sediments. Similarly, poorly preserved 
Oligocene specimens indicate that the lower part of that sequence 
probably included an inland extension of the Oligocene Chalky 
Island Formation. Coal particles in this sample may be derived from 
eocene sediments which also extended over southern Fiordland away 
from the coast (bishop 1986). Strata previously observed in offshore 
dredgings (Sutherland et al. 2006) may be the source of a single 
battered specimen of likely Paleocene/eocene boundary age.


