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Stratigraphy and paleontology of Pleistocene submarine
volcanic-sedimentary sequences at the northern Kermadec
Islands

F. J. Brook*

Early Pleistocene marine volcanic/sedimentary sequences on Raoul Island and adjacent
islets of the northern Kermadec Islands, southwest Pacific, are included in the Herald
Group (new) and constituent Boat Cove Formation, Chanter Formation (new) and
Dayrell Formation (new). They are the oldest known shallow-marine deposits in the
Kermadec Islands region. The following history is inferred from their stratigraphy,
structural relationships and paleontology. (1) Development of a large stratovolcano
formed of basaltic andesite lava flows, hyaloclastite breccia and sandstone and epiclastic
deposits (Boat Cove Formation). Shallow marine biotas colonised lava, boulder and
sandy gravel substrata on the flanks of the volcano, and hermatypic coral patchreefs
formed locally. (2) Removal of parts of the upper flanks of the volcano by marine
erosion, caldera formation or flank collapse, followed by further eruptions of submarine
basaltic andesite lava and tephra from parasitic vents (Chanter Formation). (3) Local
cessation of volcanism followed by subsidence of the volcano, and accumulation of an
upwards deepening coral patchreef and epiclastic volcaniclastic to detrital bioclastic
and coralline algal-dominated sedimentary sequence (Dayrell Formation).
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INTRODUCTION
The Kermadec group comprises a NNE-trending chain of islands in the southwest Pacific
Ocean, located northeast of the New Zealand mainland between 31.3°S 178.8°W and 29.2°S
177.8°W (Fig. 1). The largest of the group, Raoul Island, is at the northern end of the chain.
It is fringed on its northeastern side by a series of small islands and rocks including Meyer,
Napier, Nugent, Dayrell and Chanter islands (Figs. 1, 2). Raoul and the nearby islands
(2938 ha total area) are 100 km NNE of Macauley Island and adjacent Haszard Islet (306 ha
total area), which in turn are 35 km NNE of Curtis and Cheeseman islands (59 ha total area).
L'Esperance Rock (5 ha) and submerged Havre Rock at the SSW end of the Kermadec chain
are 80 km distant from Curtis and Cheeseman islands.

The Kermadec Islands are the emergent parts of large submarine volcanic mountains that
rise more than 1 km above the crest of the NNE-trending, submarine Kermadec Ridge. That
ridge extends between northeastern New Zealand and the Tonga Islands, and is situated
above an active WNW-dipping subduction zone at the boundary of the Indian and Pacific
crustal plates (Karig 1970; Ewart et al. 1977). It is flanked to the east by the 8000-10000-m-
deep Kermadec Trench, and to the west by the 2500-3000-m-deep Havre Trough which
separates the Kermadec Ridge from the parallel Colville Ridge, 175-200 km to the WNW.
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Fig. 1 Kermadec Islands. Bathymetry in metres.

The Kermadec Islands themselves are of Pleistocene and Holocene age (Brothers & Martin
1970; Brothers & Searle 1970; Doyle et al. 1979; Lloyd & Nathan 1981), but sedimentary
rocks containing microfossils as old as earliest Miocene have been dredged from both the
Kermadec and Colville ridges (P. F. Ballance pers. comm., 1997). The Havre Trough is an
oceanic back-arc basin that is thought to have begun opening in Pliocene time (Caress 1991;
Wright 1993).

The first account of the geology and paleontology of submarine volcanics and associated
sedimentary deposits on Raoul and adjacent islands was given by Oliver (1911); the fossils
collected were commented on by Oliver (1915) and Vaughan (1917). Subsequent studies
(Brothers & Searle 1970; Brothers & Hawke 1981; Lloyd & Nathan 1981) have described the
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Fig. 2 Geological map of eastern Raoul Island and offshore islands, in part after Lloyd & Nathan
(1981).

lithology and petrology of submarine volcanic sequences, but gave little information on
intercalated and overlying marine sedimentary units. Revised identifications of the fossil
molluscs collected by Oliver are given in Marshall (1981).

This paper describes the stratigraphy, paleontology and paleoenvironmental history of
submarine volcano-sedimentary units on southeastern Raoul Island and on Napier, Nugent,
Dayrell and Chanter islands. It is based on field observations and on rock and fossil samples
collected during trips to the Kermadecs in September 1988 and May-June 1991, as well as on
results of the previous studies listed above.

Each fossil locality is assigned a sheet fossil number in the New Zealand fossil record file
(i.e. with prefix KE/f), the master file of which is held at the Institute of Geological and
Nuclear Sciences (IGNS), Lower Hurt. Fossil molluscs collected in 1988 and the rock
specimens collected in 1988 and 1991 are also held by IGNS. Other fossil material collected


